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ABSTRACT
The structures of five compounds have been determined 
by single crystal xray diffraction.
A non-superconducting organic charge-transfer salt, 
bis-[bis-(ethylenedithia)-tetrathiafulvalene] dibromo- 
aurate(l), (BEDT-TTF)2 AuBr 2 , was synthesized electro- 
chemically, and crystallizes in monoclinic space group 
P2/c with Z = 2 and lattice constants a = 7.7950(21) A, 
b = 6.7150(6) A, c = 32.2000(31) A, $ = 100.508(13)°;
R = 0.0365 for 174 variables and 1904 observed reflections. 
One end of the independent BEDT-TTF molecule is disordered, 
a crystallographic feature which is common in these salts. 
Short sulfur-sulfur contact distances between cations are 
observed; however, the cations are not arranged in the same 
manner as are those in related superconductors.
The structures of three doubly-bridged binuclear 
cobalt compounds are reported. The first, fj-amido~/j- 
hydroxo-bis-[bis-(ethylenediamine)cobalt(III)] tetra- 
thiocyanate monohydrate, crystallizes in monoclinic space 
group P2^/a, with Z = 4 and cell constants a = 16.732(4) A, 
b = 8.698(4) A, c = 19.551(3) A, 0 = 107.79(1)°; R = 0.0485 
for 299 variables and 2573 observed reflections. Coordi­
nation about each cobalt is slightly distorted from
idealized octahedral geometry. The thiocyanate anions 
participate in hydrogen bonding with hydrogen atoms from 
the ethylenediamine nitrogens.
The structure of */-amido-Ju-peroxo-bis-[bis- 
(ethylenediamine)cobalt(1II)] trithiocyanate monohydrate 
was determined at room temperature in 1972. The low 
temperature (115 K) determination is reported herein.
The crystal undergoes an ordering phase transition
from Pbca (at 298 K) to P2^ca. Lattice constants at 115 K
are a = 26.501(7) A, b = 12.641(5) A, c « 14.402(8) A;
R = 0.0662 for 508 variables and 5198 observed reflections 
Conformational disorder previously reported in two of four 
ethylenediamine groups of the cation has resolved upon 
cooling. Remaining disorder is apparent in one thiocyanat 
anion.
2-(3,3-Dimethyl-l-triazeno)-l,3-thiazole crystallizes 
in monoclinic space group C2/c, with lattice constants 
a = 11.7831(9) A, b = 11.7362(11) A, c = 11.7663(9) A,
|3 w 109.0583(75)°; R = 0.0525 for 100 variables 
and 764 observed reflections. The molecule is nearly 
planar. Strong interactions are observed between mole­
cules, which pack "pancake fashion" in the crystal.
The structure of a third cobalt complex rf-bromo-//- 
hydroxo-bis-{bis-(ethylenediamine)cobalt(III)] 
tetrabromide, has been only partially resolved due to
apparent disorder in the bridging atom positions. The 
present model in monoclinic space group C2 exhibits 
cell parameters of a = 14.430(3) A, b = 8.687(3) A, 
c = 10.820(4) A, 3 = 121.7(5)°; R = 0.116 for 93 variables 
and 1097 observed reflections.
Additionally, results are presented of the analysis
of an iron-tellurium-oxide system, which has catalytic
potential for conversion of butene to butadiene. The
sample which displayed catalytic activity was shown to be
different from those displaying no such activity: only
the catalytically active material contained Fe-TeOc .z o
xiv
CHAPTER I 
INTRODUCTION
1
2Analytical chemistry is the science of chemical 
characterization of materials. There are two traditional 
divisions in the field: qualitative analysis, in which
properties of the elements or compounds comprising a 
material are identified; and quantitative analysis, in 
which the fractional components are quantified precisely. 
Qualitative information concerning molecular structure and 
bonding is sought routinely by scientists in many fields 
for purposes of understanding the relationships between 
structure and other physical and chemical properties of 
materials.
Several analytical methods, including nuclear 
magnetic resonance, infrared, ultraviolet, and electron 
spin resonance spectroscopies, mass spectrometry, and 
electron microscopies, provide at least some level of 
information concerning chemical bonding. However, xray 
crystallography is an analytical technique unrivalled in 
its ability to provide unambiguous and precise detailed 
molecular structural information in solid state cryst­
alline materials. Information thus obtained may be 
used to confirm new synthetic methods, identify 
biologically active sites, provide evidence for 
formulation or confirmation of bonding theories, enhance 
certain properties in new materials, and so on.
There are five principal steps in a structural 
analysis by single crystal xray diffraction,1 each of 
which is important to the accuracy of the final result.
Initially, a single crystal (one with uniform 
orientation of internal structure) must be grown.
Suitable crystals are normally between 0.1 and 0.3 mm 
in diameter, with as near equidimensional form as can 
be achieved. Crystals may be examined for uniformity 
with a polarizing microscope if they are sufficiently 
translucent to allow some transmission of light. Dif­
fraction photographs are also useful to detect crystal
defects; in a good single crystal, diffraction spots on
2
the film should be single and distinct.
Next, diffraction data must be collected. Geometric 
data are first measured, from which the reciprocal and 
direct lattice parameters are calculated. The crystal is 
classified into one of seven crystal systems. Then the 
peak intensities (I) and backgrounds for all unrelated 
points in the reciprocal lattice are measured, within 
specified h, k, and 1 reciprocal lattice index limits.
The positions of diffraction maxima are dependent 
solely on the crystal lattice, while intensities of the 
diffraction maxima depend only on the molecular arrange­
ment within the crystal.
Intensities are converted into structure factor
i
amplitudes ( |Fobs|) by the relationship:
I = K I Fobs)2 (Lp) (TV) (Abs)
where K is a scaling factor, Lp is a term for Lorentz 
and polarization geometric factors, Tv is an overall 
thermal parameter, and Abs is an absorption correction.
Thirdly, a trial structure (initial model) must be 
derived. The phase angle (<f>) associated with each 
structure factor amplitude is not an experimentally 
measurable quantity. Two methods may be employed to 
deduce phase information. Application of the first
3
method, known as the Patterson or heavy atom method, is
feasible if the molecule contains one or more atoms of
atomic number significantly larger than most of the
remaining atoms. Phases are initially based on the
positions of the heavy atoms alone, since their
contributions to the overall electron density are great.
4-6The direct phase determination method may be used 
when all atoms are of approximately equal weight. Phases 
are derived based on relationships of indices and struc­
ture factors of strong reflections. The underlying 
principles for phase determination are that electron 
density cannot be negative at any point, and that elec­
tron density in the crystal is not randomly distributed.
Once derived, the phases are combined with structure
factor amplitudes in a three-dimensional Fourier synthesis
2
to produce a map of electron density (p):
P C x , y , z ) = 1/V Z E E  Fh]tl e~1<f> 
h k 1
where V is the unit cell volume; is the structure
factor for diffraction indices h,k,l; and the phase angle 
<f> = 2 ri( hx + ky + lz) .
Then, the trial structure is refined so as to attain 
the best possible agreement of the structure factor 
amplitudes calculated from the structural model (|Fcalc|) 
with the observed structure factor amplitudes ({Fobs|) 
derived from measured diffraction intensities. This 
refinement process is usually accomplished by a combi­
nation of difference Fourier syntheses and least squares 
cycles.
Finally, the molecular and long-range packing 
geometries are determined and the structural model is 
examined for reliability. The analysis of variance 
includes inspection of the estimated standard deviations, 
agreement between |Fobs| and |Fcalc| values, overall 
discrepancy index (R) values, and residual peaks in a 
difference Fourier map, as well as consideration of the 
chemical reasonableness of the final structural model.
6The results of several structural determinations by 
single crystal xray diffraction are presented herein. 
Chapter II focuses on structural investigations of an 
organic charge-transfer salt, {BEDT-TTF)2 AuBr 2 . Materials 
in this class exhibit a wide variety of structural and 
electronic properties, including metallic and supercon­
ducting behavior. Knowledge of precise structural 
details and their relationships to electronic behavior 
may allow tailoring of these materials to specific 
functions, as well as greater understanding of theories 
concerning superconductivity.
Metal complexes which react reversibly with molecular 
oxygen have potential utility as models for natural oxygen 
transport systems. Bridged binuclear cobalt complexes, 
such as those discussed in Chapter III, are employed to 
help reveal the character of reversible oxygen bonding 
sites on large, complex biological molecules like 
hemoglobin and myoglobin.
The field of QSAR (Quantitative Structure-Activity 
Relationships) has developed in response to the need for 
more accurate and focused drug design. In order to more 
fully understand ligand-macromolecule interaction, precise 
crystallographic parameters are used in combination with 
sophisticated three-dimensional computer graphics to 
produce detailed molecular models, through which the fit 
of ligands to binding sites may be visually inspected.
Compounds such as the heterocyclic triazene presented in 
Chapter IV are currently under investigation to determine 
their mutagenic effects in humans.
CHAPTER II 
The Crystal Structure of 
Bis-[Bis-(Ethylenedithia)-Tetrathiafulvalene]
Dibromoaurate
8
9INTRODUCTION
Since the original discovery in 1911 of super-
7
conductivity in mercury, most advances in the field 
have involved intermetallic compounds. However, in 1980 
superconductivity was observed for the first time in an 
organic material, bis-(tetramethyltetraselenafulvalene)
Q
hexafluorophosphate [(TMTSF)  ^ PFg]- Subsequently, several
other compounds in the family known as Bechgaard salts,
9 10(TMTSF > 2  X, were also shown to superconduct. ' All 
known Bechgaard salts are isostructural, crystallizing in 
triclinic space group P-l, and containing anions possessing 
octahedral or tetrahedral symmetry. The structures are 
characterized by nearly planar TMTSF molecules stacked in 
the crystallographic a direction,’*'^ in a manner such that 
short distances of less than the van der Waals Se-Se radii 
sum exist in both inter- and intrastack directions.
In 1983, the first sulfur-based radical-cation salt to
exhibit superconductivity was synthesized: bis-[bis-
{ethylenedithia)-tetrathiafulvalene] perrhenate [(BEDT- 
12TT F ) 2  ReO^]. More recently, linear interhalide and 
halometal anions have been combined with BEDT-TTF to pro­
duce ambient pressure superconductors with transition
13temperatures as high as 5 K.
10
In contrast with TMTSF compounds, salts synthesized 
from BEDT-TTF exhibit a variety of structural phases. In 
fact, several phases have been observed to co-crystallize 
in a single electrosynthesis reaction,^ with identical 
stoichiometries but different electrical properties and 
crystal structures. Thus, study of crystal packing in 
these materials is important to the understanding and 
optimization of superconductivity in organic systems.
In accordance with this aim, a non-superconducting 
salt bi s-[bis-(ethylenedithia)-tetrathiafulvalene] 
dibromoaurate , ( BEDT-TTF ) 2  A u B ^ ,  is reported herein. 
Details of molecular structure and crystal packing are 
compared with others in its class. Also, current theories 
relating structure and conductivity are examined as related 
to the present compound.
11
EXPERIMENTAL
(BEDT-TTF)2 AuBr2 was synthesized via electrocrys­
tallization from the organic donor bis-(ethylenedithia}- 
tetrathiafulvalene (BEDT-TTF, 2.00 mM). The supporting 
electrolyte, tetrabutylammonium dibromoaurate (n-Bu^NAuBr2 , 
7.95 mM) in trichloroethane, which supplied the linear
AuBr2~ anion, was synthesized previously according to the
15procedure devised by Braunstein and Clark. Conditions 
were anhydrous and light-free, at ambient temperature of 
of about 297 K, in a standard H-cell with initial current 
density of 0.5 //A/cm. After three days, the current was 
increased to 5 //A/cm in order to speed the reaction. Lus­
trous gray needle-like crystals were harvested after ten 
days.
A large single crystal with approximate dimensions 
0.08 x 0.10 x 0.50 mm was affixed length-wise with epoxy 
glue to the tip of a glass fiber, which was then mounted 
onto the goniometer head of an Enraf-Nonius CAD4 automated 
diffractometer equipped with Mo Ka source radiation and a 
graphite monochromator.
An initial set of twenty-five reflections was located
16utilizing program SEARCH. The reflections were indexed 
and an approximate unit cell determined by program INDEX.1® 
Precise cell constants were produced from careful centering
12
of an additional twenty-five strong reflections measured at 
high angle (0 between 14° and 15°), followed by least 
squares analysis. These parameters are included in the 
crystal data, table ll-l.
Since the cell parameters and Laue symmetry indicated 
a monoclinic crystal system, only one quarter of the 
reflection sphere was collected: -37<h<37, 0<k<8, and
0<1<9. Intensities of standard reflections (6 0 0),
(0 4 0), and (0 0 2) were monitored periodically for detec­
tion and possible correction of crystal decay. Orientation 
control was maintained by periodic re-measurement of 
reflections (19 1 2) and (-17 -2 3). Intensity data were 
collected at 296 K for all values of 6 ranging from 1° 
to a maximum of 25°. The total number of reflections 
measured is given in table ll-l, with the number of 
"observed" reflections noted (those for which I > 3<t(i)). 
After collection of data was completed, the intensities of 
reflections (-2 0 2), (-1 0 1), (-2 0 4), (-3 0 3), and 
(-4 0 4), all at x angle near 90°, were measured at angle 
increments of 10°. The thirty-seven values thus obtained 
for each reflection were used to modify the intensity data 
for differences in crystal absorption of xrays. The data 
were also corrected for Lorentz and polarization geometric 
effects, and a set of observed structure factors was 
produced.
13
17CLASSIFY, a locally maintained program written by
Dr. Steve Watkins, was used to sort reflections into
parity groups based on their index values. These groups
were then examined to reveal any systematically absent
reflections. Reflections hOl with 1 odd were not observed,
indicating the presence of a glide plane perpendicular to
the b axis with translation along c. Consideration of the
symmetry elements along with the previously determined
crystal system allowed assignment of the crystal to one of
two space groups: centrosymmetric group P2/c or acentric
18group Pc*
14
TABLE ll-l: Crystal Data
(BEDT-TTF)2 AuBr2
Formula
Formula Weight 
Crystal System 
Space Group 
Z
_ 3
Dc (g cm ) 
a (A) 
b (A) 
c (A)
e (°)
V
X, Mo k a  (A)
Theta range (°)
Measured reflections
Observed reflections, NO 
(I > 3 a i l ) )
Number of Variables, NV 
R
[E(|Fo—Fc|) / E|Fo|] 
wR „
(A3 )
AuBr2S16C20H16 
1126.16 
Monoclinic 
P2/c 
2
2.257 
7.7950(21) 
6.7150(6) 
32.2000(31) 
100.508(13) 
1657.2 
0.71703
1 - 2 5  
3384 
1904
174
0.0365
2,5s
0.0553
[£ w( I F o [ — I F c I ) /  £ w|Fo| J
w = 1 / ( a2 ( F ) + | g | F2 ) 
g = 0.001228
G o o d n e s s - o f - f i t 1.273
[[£ w( j Fo | - | Fc | ) / (NO-NV)]Jj
15
SOLUTION OF THE STRUCTURE
The structure of (BEDT-TTF^ A u B ^  was solved by a
3
combination of methods. First, the heavy atom method was 
used to reveal atom positions in the anion. Of the two 
possible space groups indicated by systematic absences, 
centric P2/c was chosen for the initial model. Since there 
are four general equivalent positions in P2/c, but density 
of the crystal (D=2.257) requires that there be two formula 
units per cell, it was inferred that the asymmetric unit 
is, in fact, only one half of the formula unit. The gold 
atom was therefore required to lie on a symmetry 
element— the inversion center at the origin. A Patterson 
map revealed peaks at 2.46 A from the origin, which 
corresponded to the approximate bromine positions.
Direct methods program MULTAN‘S '^  was used to
elucidate the independent BEDT-TTF molecule. Statistical
analysis of the normalized structure factors (E^kl^
revealed distribution between those characteristic of ideal
centric and acentric structures, indicating that models in
both the acentric space group Pc and centric P2/c must be
investigated. The initial thermal parameter as determined
from a Wilson plot was B=3.469, and the initial scale
2
factor was 2.987. Average values of E ranged from 1.385 
for parity group EOE to 0.456 for E E O . Phase determination
16
was accomplished using the 251 largest E values, ranging
from 3.393 (3 4 -31) to 1.502 (3 6 -6), as well as the 100
smallest E values. No phase assignments were made by
application of the El relation. The Z2 relation generated
5  6
3223 phase relationships. '
Three reflections are required by space group P2/c for 
origin definition. Those chosen by MULTAN were (1 5 -29), 
(1 -4 18), and (1 -5 18). Other reflections included in 
the starting set were (2 3 -17), (4 2 -28), (2 0 -32), and
(2 2 -6). Systematic permutation of these reflections and 
application of the tangent formula gave rise to sixteen 
phase sets, with combined figures of merit ranging from 
3.000 to 0.358. An E-map generated from the phase set with 
highest combined figure of merit provided an almost 
complete image of BEDT-TTF, with all non-hydrogen atoms 
visible except for two adjacent exocyclic carbons.
Positions of the remaining carbon atoms were found from a 
difference Fourier map.
Several structural models were chosen for attempted
refinement. The first was an ordered model in space group
P2/c. The positions of all non-hydrogen atoms were refined
using full matrix least-squares analysis via program 
20SHELX76. After several cycles, the discrepancy figure,
R, dropped to 0.072. Thermal parameters were then modified 
to account for anisotropic motion, and a weighting scheme 
(table II—1) was applied to all observed reflections.
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Hydrogen atom positions on the exocyclic ethylene carbon 
atoms were calculated assuming idealized sp^ geometry, and 
they were constrained to "ride" 0.95 A from the 
corresponding carbons. Values of R=0.0375 and wR=0.0569 
were obtained after six cycles of least-squares.
Thermal ellipsoid analysis revealed large, out- 
of-plane apparent thermal motion in the carbon atoms of 
one ethylene group. The calculated S3b-C4b-C5b-S4b torsion 
angle of 3.23° indicated an eclipsed conformation, as 
contrasted with the opposite ethylene group's staggered 
conformation (S3a-C4a-C5a-S4a torsion angle of -66.74°.) 
Since positional disorder is common in one or both BEDT- 
TTF ethylene groups in many materials of this class, the 
thermally mobile ethylene was assumed to be in fact the 
average of two conformational isomers. Thus, the second 
model refined was a disordered model in P2/c, in which two 
S-CH 2 -CH 2 -S groups, each with occupancy of one-half, 
replaced the single, eclipsed group. The S-C-C-S torsion 
angles of these two groups in the model were constrained 
to +67.05° for one and -67.05° for the other, by fixing the 
interatomic distances as follows: S3b-C4b and S4b-C5b,
1.809(1) A; C4b-C5b, 1.495(1) A; S3b— S4b, 3.480(1) A;
S3b— C5b and S4b— C4b, 2.775(1) A. The disordered F2/c 
model was refined for several least-squares cycles, with 
negligible change in R values: R=0.0365 and wR=0.0553, for
174 total parameters.
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Third, a non-centrosymmetric model in space group Pc 
was obtained from the previous ordered P2/c model by 
generating atoms which were previously related through 
inversion. In this model, each of the two BEDT-TTF 
molecules had one ethylene group with large apparent 
thermal motion, as did the single BEDT-TTF in the first 
model. Refinement of this model was not successful, since 
many of the atoms attained negative overall thermal 
parameters, and correlations were quite high between the 
two BEDT-TTF molecules. The values of R=0.1143 and 
wR=0.1429 for 323 parameters were higher than in the 
centric models.
Refinement of a fourth model, an ordered model in Pc, 
was attempted in which one BEDT-TTF molecule had - + 
conformation of ethylene groups (where + and - refer to the 
signs of the S-C-C-S torsion angles on the A and B ends of 
the BEDT-TTF molecule), while the other molecule had - - 
conformation . Thermal parameters of several atoms in this 
model refined to negative values and correlations between 
the two molecules were high, as in model three (the 
previous Pc model). Although the R value was lower at 
0.0586 (for 297 parameters) than in the disordered Pc 
model, both acentric models were rejected in favor of the 
centric models. Since both centric models produced lower R 
values for fewer parameters, application of the Hamilton R 
factor ratio test 2  ^ w ^s n°t necessary; its outcome always
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favors the model with lower R value and fewer parameters. 
The four models, including final R values and numbers of 
parameters, are enumerated in table II-2.
The final model (model two in space group P2/c, with
rigid half-atom ethylene groups as described above) gave R
and wR values of 0.0365 and 0.0553, respectively. The
"goodness-of-fit parameter", as defined in table II-l, was
1.2732 for 1904 observed reflections and 174 parameters.
This model was chosen over the ordered P2/c model, which
gave comparable R values, on the basis of chemical sense
22and comparable model treatment of similar materials.
The atomic parameters of all atoms in the asymmetric 
unit are presented in table 11-3, with anisotropic thermal 
parameters given in table II-4. A comparison of observed 
structure factors with those calculated from the struc­
tural model is shown in table II-5.
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TABLE II-2: Comparison of Models Refined
(BEDT-TTF)2AuBr2
Model R wR
Number of 
Variables
I. P2/c, no
disorder modelled 0.0375 0.0569 186
II. P2/c, - ± 
disorder 0.0365 0.0553 174
III. Pc, - +, - +
two molecules, 
each disordered 0.1143 0.1429 323
IV. PC, ---, - +
two molecules, 
ordered 0.0586 0.0757 297
+ , - refer to the signs of the S-C-C-S torsion angles.
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TABLE II-3: Positional Parameters and Their
Estimated Standard Deviations 
(BEDT-TTF)2AuBr2
Atom X y z B(A2 )
Au 0.000 0.000 0.000 4.15(1)
Br 0.2266(2) 0.2112(2) 0.98541(3) 5.65(3)
Sla 0.3268(3) 0.3605(4) 0.17687(7) 3.66(5)
sib 0.2452(4} 0.2245(4) 0 .26770(7) 3.80(6)
S2a 0.3004(4) 0.7777(4 ) 0.20037(8) 4.19(6)
S2b 0.2328(3) 0.6435(4) 0.29205(7) 3.84(6)
S3a 0.3277(4) 0.4323(4) 0.08739(8) 4.27(6)
S4a 0.3009(5) 0.9326(4 ) 0.11405(9) 5.39(8)
S3bl 0.165(4) 0.079(5) 0.3452(7) 4.9(3)
S3b2 0.165(5) 0.079(3) 0.345(1) 4.9(3)
S4bl 0.146(4) 0.572(5) 0.3773(7) 3.6(2)
S4b2 0.146(5) 0.572(3) 0.377(1) 3.6(2)
Cla 0.290(1) 0.531(1) 0.2148(3) 3.2(2)
Clb 0.257(1) 0.474(1) 0 .2531( 3) 3.0(2)
C2a 0.323(1) 0.537(1) 0.1370(2) 2.8(2)
C2b 0.186(1) 0.276(1) 0.3166(3) 3.7(2)
C3a 0.310(1) 0.727(1) 0 .1468( 3) 3.7(2)
C3b 0.182(1) 0.469(1) 0.3278(3) 3.0(2)
C4a 0.327(1) 0.651(2) 0.0540(3) 4.9(3)
C5a 0.413(1) 0.831(2) 0.0751(3) 4.6(3)
C4bl 0.100(4) 0.171(5) 0.3929(7) 4.5(3)
C4b2 0.219(5) 0.171(3) 0.393(1) 4.5(3)
C5bl 0.195(4) 0.354(5) 0.4104(7) 4.5(3)
C5b2 0.124(5) 0.346(3) 0.407(1) 4.5(3)
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TABLE II-3, cont'd: Positional Parameters and Their
Estimated Standard Deviations
Atom X y z b (A2 )
HlC4a 0.209(1) 0.684(2) 0.0430(3) 7.6(5)*
HlC5a 0.528(1) 0.796(2) 0.0884(3) 7.6(5)*
H2C4a 0.385(1) 0.617(2) 0.0314(3) 7.6(5)*
H2C5a 0.418(1) 0.930(2) 0.0542(3) 7.6(5)*
HlC4bl 0.121(4) 0.068(5) 0.4137(7) 7.6(5)*
Hlc4b2 0.340(5) 0.198(3) 0.401(1) 7.6(5)*
HlCSbl 0.168(4) 0.380(5) 0.4373(7) 7.6(5)*
HlC5b2 0.004(5) 0.313(3) 0.404(1) 7.6(5)*
H2C4bl -0.022(4) 0.200(5) 0.3873(7) 7.6(5)*
H2C4b2 0.198(5) 0.062(3) 0.414(1) 7.6(5)*
H2C5bl 0.318(4) 0.327(5) 0.4134(7) 7.6(5)*
H2C5b2 0.167(5) 0.374(3 ) 0.436(1) 7.6(5)*
* Starred atoms were refined isotropically.
The equivalent isotropic thermal parameter, for atoms 
refined anisotropically, is defined by the equation:
(4/3) [ a2B11 + b2B22 + c 2B33 +
abB^2cosV + acB13cos(3 + bcB22COSa )
TABLE II-4: Anisotropic Thermal Parameters - U's
(BEDT-TTF)2AuBr2
Atom U11 U 22 U 33 U12 U13 U23
Au
Br
Sla
Sib
S2a
S2b
S3a
S4a
S3bl
S3b2
S4bl
S4b2
Cla
Clb
C2a
C2b
C3a
C3b
C4a
C5a
C4bl
C4b2
C5bl
C5b2
0.0723 4 
0.0979(9 
0.073(2) 
0.079i 
0.090i 
0.0821 
0.0941 
0.1271 
0.12(1) 
0.12(1) 
0.068(3'
0,
0.
0.
0.
068 
.056 
054 
049 
0.069 
0.065 
0.049 
0.089 
0.086 
0.08 ( 
0.08 1 
0.08 1 
0.08 1
0.0477('I) 0 . 0389 (: ) 0.0070(-1) 0.0136(2) 0.001C
0.067EIf1 0.0520" ) -0.0157 € ) 0.022' 6 -0.004 3
0.031 1) 0.037 0.004( 0.013( -0.002 5
0.029 1' 0.039 1 0.000 1 0.017 1 -0.004 5
0.029 1' 0.044 1 0.005 1 0.022 1 -0.005 €
0.028 1 0.041 1 -0.001 1 0.024 1 -0.001 5
0.037 1 0.036 1 -0.003 1 0.021 1 -0.004(6
0.032 1 0.055 2 0.006 2 0.043 2 0.006 60.026 5 0.055 2 -0.020 6 0.044 4 0.001
0.026 5 0.055 2 -0.020 6 0.0441 4 0.00( 1
0.035 2 0.036 6 0.002 2 0.0201 3 -0.001 1
0.035 2 0.036 6 0.002 2 0.020 3 -0.001 1
0.028 5 0.041 4 0.000 4 0.0141 4 -0,011 2
0.032 5 0.029 4 0.002 4 0.0061 4 -0.001 2
0.028 5 0.032 4 0.001 4 0.008 3 -0.00( 2
0.035 5 0.040 5 -0.000 5 0.0211 4 0.00( 2
0.034 5 0.044 5 -0.003 4 0.015 4 o.on 2
0.037 0.028 4 0.000 4 0.0131 4 -0.001
0.048 6 0.049 6 0.006 6 0.011 5 0.01 30.048 6 0.047 6 -0.001 6 0.024 5 0.01 3
0.045 5 0.048 5 -0.006 7 0.024 8 0.01 2
0.045 5 0.048 ;s ■ -0.006 7 0.024 8 0.01 2
0.045 5 0.048 5 ■ -0.006 7 0.024 8 0.01 2
0.045 5 0.048 5 -0.006 7 0.024 8 0.01 2
The form of the anisotropic temperature factor is: 
exp [ -2 it2 { h2a*2Un  + k2b*2U22 + l2c*2U 33 +
2 ( hka*b*U^2 + hla*c*U^3 + klb*c*U23 )}]
TABLE I I - 5 :  O b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s ,
V a l u e s  o f  Fobs  a nd  F c a l c  
( BEDT-TTF)2AuBr2
H K L Fobs F c a l c H K L Fobs F c a l c H K L Fobs F c a l c H K L F obs F c a l c H K L Fobs Fca ]
1 0 0 141 137 0 4 0 113 109 - 4 2 1 34 -3 3 5 5 1 28 - 2  8 4 1 2 156 150
2 0 0 313 -3 0 3 1 4 0 89 87 -3 2 1 51 50 7 5 1 17 10 5 1 2 55 53
3 0 0 130 125 2 4 0 32 32 - 2 2 1 30 28 -5 6 1 19 22 6 1 2 31 30
4 0 0 138 131 3 4 0 48 47 - 1 2 1 119 -116 1 6 1 18 - 1 7 7 1 2 32 33
S 0 0 38 36 4 4 0 79 81 1 2 1 26 -23 3 6 1 21 19 - 7 2 2 36 34
6 0 0 50 52 5 4 0 42 42 2 2 1 13 - 1 7 4 6 1 19 20 -6 2 2 63 61
7 0 0 32 28 6 4 0 23 18 3 2 1 102 101 -8 0 2 17 15 - 5 2 2 47 44
8 0 0 18 15 7 4 0 23 22 4 2 1 12 11 -7 0 2 47 42 - 4 2 2 78 77
9 0 0 21 22 0 5 0 129 129 5 2 1 48 -4 9 -6 0 2 19 20 -3 2 2 107 105
0 1 0 38 25 1 5 0 54 51 - 6 3 1 32 -3 0 - 5 0 2 90 86 -2 2 2 74 71
1 1 0 158 157 3 5 0 51 51 - 4 3 1 59 56 -4 0 2 223 211 -1 2 2 107 104
2 1 0 187 182 4 5 0 60 59 - 2 3 1 38 -3 9 -3 0 2 54 46 0 2 2 102 99
3 1 0 72 68 5 5 0 33 35 -1 3 1 18 - 1 7 - 2 0 2 123 - 1 1 5 1 2 2 80 76
4 1 0 101 101 1 6 0 33 33 1 3 1 52 48 -1 0 2 180 163 2 2 2 174 169
5 1 0 73 73 2 6 0 60 60 2 3 1 13 13 0 0 2 75 76 3 2 2 178 174
6 1 0 17 13 3 6 0 33 38 3 3 1 68 -6 7 1 0 2 124 121 4 2 2 43 43
7 1 0 27 26 4 6 0 40 39 5 3 1 40 36 2 0 2 460 449 6 2 2 31 31
8 1 0 22 22 5 6 0 33 31 - 5 4 1 25 21 3 0 2 93 90 7 2 2 34 33
0 2 0 56 48 0 7 0 45 - 4  5 -4 4 1 40 41 4 0 2 69 -6 3 8 2 2 21 22
1 2 0 135 133 1 7 0 33 33 - 3 4 1 54 53 5 0 2 106 102 - 7 3 2 40 39
2 2 0 199 . 194 2 7 0 85 87 - 2 4 1 34 - 3 5 6 0 2 57 56 -6 3 2 40 39
3 2 0 104 102 -6 1 1 23 21 - 1 4 1 115 -11 8 8 0 2 21 22 - 5 3 2 20 17
5 2 0 23 20 -5 1 1 15 12 0 4 1 14 -1 3 9 0 2 20 24 -4 3 2 57 56
6 2 0 70 70 -4 1 1 21 -1 7 1 4 1 73 72 -8 1 2 32 30 -3 3 2 101 96
7 2 0 45 44 -3 1 1 39 -4 0 4 4 1 32 29 -6 1 2 29 26 - 2 3 2 124 121
8 2 0 18 14 -2 1 1 27 23 6 4 1 20 -2 1 -5 1 2 83 80 - 1 3 2 110 106
0 3 0 53 53 -1 1 1 19 16 - 6 5 1 26 28 -4 1 2 79 77 0 3 2 57 52
1 3 0 101 96 1 1 1 86 -84 - 5 5 1 30 -3 2 -3 1 2 101 94 1 3 2 92 86
2 3 0 127 122 2 1 1 43 -4 2 - 4 5 1 36 -3  S - 2 1 2 120 118 2 3 2 124 123
3 3 0 94 91 3 1 85 82 - 3 5 1 55 57 -1 1 2 123 118 3 3 2 92 91
4 3 0 32 33 4 1 1 39 38 - 2 5 1 28 27 0 1 2 224 220 4 3 2 35 33
S 3 0 40 41 5 1 1 31 -3 3 -1 5 1 21 -20 1 1 2 146 138 5 3 2 35 35
e 3 0 50 51 6 1 1 25 -2 4 1 5 1 17 -16 2 1 2 15 0 6 3 2 40 40
7 3 0 17 17 - 6 2 1 45 40 3 5 1 21 21 3 1 2 101 98 7 3 2 30 30
to
TABLE II-5, cont'd.: Observed and Calculated Structure Factors,
Values of Fobs and Fcalc
H K L Fobs Fcalc
8 3 2 17 14
-6 4 2 22 23
- 5 4 2 65 65
- 4 4 2 51 51
- 3 4 2 38 37
-2 4 2 86 86
-1 4 2 88 89
0 4 2 60 78
1 4 2 87 88
2 4 2 58 56
3 4 2 47 46
4 4 2 45 46
5 4 2 45 46
6 4 2 36 34
- 6 5 2 20 20
- 5 5 2 32 33
- 4 5 2 51 48
- 3 5 2 38 40
- 2 5 2 36 34
- 1 5 2 70 68
0 5 2 84 31
1 5 2 71 71
2 5 2 50 51
4 5 2 34 37
S 5 2 46 49
-3 6 2 52 53
-2 e 2 75 74
-1 6 2 41 39
0 6 2 43 44
1 6 2 53 53
4 6 2 43 44
S 6 2 29 28
- 3 7 2 39 40
-2 7 2 21 16
H K L Fobs Fcalc
0 7 2 67 68
1 7 2 29 23
3 7 2 37 39
4 7 2 35 37
-5 1 3 48 47
-3 1 3 101 - 9  8
- 2 1 3 16 15
-1 1 3 138 132
0 1 3 54 52
1 1 3 175 - 1 7 0
2 3 67 -6 9
3 1 3 67 65
4 1 3 36 35
5 1 3 21 -2 0
6 1 3 21 -19
-6 2 3 19 - 1 7
-5 2 3 13 8
-4 2 3 50 50
-3 2 3 25 -2 4
- 2 2 3 38 -3 9
- 1 2 3 149 147
0 2 3 72 69
1 2 3 214 -2 0 9
2 2 3 58 - 5 9
3 2 3 63 62
4 2 3 16 19
- 7 3 3 16 19
-5 3 3 26 - 2 9
-4 3 3 14 - 1 3
-3 3 3 67 63
- 2 3 3 38 38
- 1 3 3 98 - 9 2
0 3 3 30 -2 8
1 3 3 95 93
H K L Fobs Fcalc
2 3 3 23 21
3 3 3 47 - 4  8
4 3 3 36 -34
- 5 4 3 58 - 5 7
- 3 4 3 133 133
- 2 4 3 32 36
-1 4 3 75 -7 6
2 4 3 40 - 4 0
6 4 3 29 26
- 4 5 3 36 37
- 3 5 3 71 -7 2
- 2 5 3 47 -4 8
-1 5 3 122 123
0 5 3 39 37
1 5 3 68 -7 0
2 5 3 17 -1 5
1 6 3 35 -34
2 6 3 32 -3 3
3 6 3 24 21
4 6 3 15 14
- 3 7 3 16 4
- 8 0 4 34 33
-5 0 4 127 124
-4 0 4 182 172
-3 0 4 101 92
-2 0 4 87 77
-1 0 4 158 155
0 0 4 101 104
1 0 4 103 101
2 0 4 14 -1 4
3 0 4 54 54
4 0 4 249 243
5 0 4 101 100
6 0 4 26 - 31
H K L Fobs Fcalc
8 0 4 25 28
- 9 1 4 17 15
-8 1 4 21 23
- 7 1 4 27 31
- 6 1 4 47 46
- 5 1 4 53 50
-4 1 4 66 64
-3 1 4 122 123
-2 1 4 129 128
-1 1 4 135 133
0 1 4 156 152
1 1 4 160 152
2 1 4 122 116
3 1 4 59 56
4 1 4 40 39
5 1 4 66 65
6 1 4 69 65
7 1 4 25 24
- 7 2 4 45 44
- 6 2 4 35 32
- 5 2 4 31 30
- 4 2 4 72 71
- 3 2 4 108 107
- 2 2 4 224 228
-1 2 4 179 174
0 2 4 85 - 8  4
1 2 4 19 13
2 2 4 239 235
3 2 4 133 129
4 2 4 30 22
5 2 4 54 53
6 2 4 44 44
- 7 3 4 16 16
- 6 3 4 50 49
H K L Fobs Fcalc
- 5 3 4 69 69
-4 3 4 18 15
-3 3 4 34 32
- 2 3 4 179 174
- 1 3 4 136 136
0 3 4 47 40
1 3 4 70 69
2 3 4 128 123
3 3 4 101 100
4 3 4 34 31
5 3 4 24 23
6 3 4 40 39
7 3 4 32 30
-6 4 4 23 23
- 5 4 4 28 26
-4 4 4 66 67
- 3 4 4 75 75
-2 4 4 30 31
-1 4 4 59 58
0 4 4 152 146
1 4 4 112 107
2 4 4 20 19
3 4 4 31 31
4 4 4 69 66
5 4 4 52 S3
- 5 5 4 40 41
-4 5 4 69 70
-3 5 4 50 50
- 1 5 4 38 35
0 5 4 122 117
1 5 4 89 86
3 5 4 34 34
4 5 4 64 65
5 5 4 30 28
to
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TABLE I I —5 ,  c o n t ' d . Observed and Calculated Structure Factors,
Values of Fobs and Fcalc
H EC L Fobs F c a l c H K L Fobs F c a l c K K L Fobs Fca:
- 6 6 4 26 28 -2 2 5 23 24 - 6 6 5 23 18
- 5 6 4 23 22 -1 2 5 78 73 -4 6 5 18 - 1 6
- 3 6 4 31 31 0 2 5 33 30 - 1 6 5 50 S3
- 2 6 4 27 26 1 2 5 9 9 0 6 5 34 33
- 1 6 4 34 34 3 2 5 55 -5 4 1 6 5 53 -5 1
0 6 4 77 77 - 6 3 5 16 -1 4 2 6 5 20 -2 2
1 6 4 61 59 - 5 3 5 13 15 -4 7 5 16 10
2 6 4 27 25 -4 3 5 43 44 - 8 0 6 30 28
3 6 4 39 40 - 3 3 5 20 -1 9 - 7 0 6 35 34
4 6 4 27 26 - 2 3 5 46 -4 4 -6 0 6 20 18
-4 7 4 21 25 - 1 3 5 15 10 -5 0 6 19 16
-3 7 4 35 36 2 3 5 41 42 -4 0 6 119 114
- 2 7 4 32 29 3 3 5 20 17 -3 0 6 182 168
-1 7 4 34 36 4 3 5 33 -3 0 -2 0 6 88 83
1 7 4 17 16 5 3 5 21 - 1 8 -1 0 6 132 132
2 7 4 79 81 - 7 4 5 23 21 0 0 6 193 202
3 7 4 26 30 - 5 4 5 33 - 3 3 1 0 6 219 239
-8 1 5 16 - 2 0 - 4 4 5 24 25 2 0 6 44 45
- 7 1 5 23 -2 0 - 3 4 5 IB - 2 0 3 0 6 51 -5 1
-6 1 5 37 37 -2 4 5 48 - 4 8 4 0 6 50 50
- 5 1 5 54 53 - 1 4 5 83 86 5 0 6 118 120
-4 1 5 44 -4 3 0 4 5 50 SO 6 0 6 82 83
-3 1 5 71 -68 1 4 5 41 - 4 0 -8 1 6 17 18
- 2 1 5 14 15 2 4 5 18 17 - 7 1 6 31 29
- 1 1 5 94 93 4 4 5 62 -6 2 - 6 1 6 57 59
0 1 5 53 52 6 4 5 26 25 - 5 1 6 73 72
1 1 5 92 -9 0 - 5 5 5 28 28 -4 1 6 64 61
2 1 5 33 -3 2 -3 5 5 19 - 2 0 -3 1 6 85 85
3 1 5 30 31 - 2 5 5 39 37 - 2 1 6 94 95
4 1 5 27 26 -1 5 5 48 - 4 8 - 1 1 6 117 119
5 1 5 16 -13 0 5 5 51 - 5 0 0 1 6 186 184
6 1 5 23 -2 2 1 5 5 98 95 1 1 6 191 190
- 4 2 5 28 - 2 7 2 5 5 23 24 2 1 6 84 83
- 3 2 5 46 -4 3 3 5 5 53 - 5 4 3 1 6 83 79
H K L Fobs Fcalc H K L Fobs Fcalc
4 1 6 84 8 5
5 1 6  33 34
6 1 6  15 15
7 1 6  26 25
8 1 6  27 26
7 2 6 15 18
6 2 6 48 51
5 2 6 76 75
4 2 6 22 -20
3 2 6 31 32
2 2 6 270 270
1 2 6 190 189
0 2 6 45 46
1 2  6 96 92
2 2 6 93 89
3 2 6 73 72
4 2 6 86 86
5 2 6 37 37
6 2 6 19 20
7 2 6 37 38
8 2 6 20 17
7 3 6 3 2 3 2
6 3 6 51 51
5 3 6 29 28
4 3 6 42 41
3 3 6 114 109
2 3 6 39 91
1 3  6 57 57
0 3 6 121 115
1 3  6 66 84
2 3 6 104 99
3 3 6 96 95
4 3 6 39 39
5 3 6 29 29
6 3 6 28 28
7 3 6 17 20
- 7 4 6 18 12
- 6 4 6 27 25
- 5 4 6 66 67
- 4 4 6 58 60
- 3 4 6 29 25
- 2 4 6 56 56
- 1 4 6 79 80
0 4 6 94 90
1 4 6 96 93
2 4 6 70 68
3 4 6 39 39
4 4 6 36 36
5 4 6 38 38
6 4 6 32 32
- 7 5 6 27 24
- 4 5 6 76 78
- 3 5 6 68 68
- 2 5 6 18 19
- 1 5 6 56 54
0 5 6 66 64
1 5 6 54 50
2 5 6 50 48
3 5 6 36 34
4 5 6 35 34
5 5 6 45 43
6 5 6 26 24
- 6 6 6 26 23
- 4 6 6 47 50
- 3 6 6 59 59
- 1 6 6 23 21
0 6 6 45 48
1 6 6 26 24
to
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TABLE II— 5, cont'd.: Observed and Calculated Structure Factors,
Values of Fobs and Fcalc
K K L Fobs  F c a l c
2 6 6 44 45
3 6 6 61 61
4 6 6 21 22
- 2 7 6 56 58
- 1 7 6 55 55
3 7 6 31 30
-7 1 7 20 -2 0
- 6 1 7 28 - 2 7
-5 1 7 45 46
-4 1 7 46 46
-3 1 7 65 - 6  5
-2 1 7 78 - 7 7
- 1 1 7 122 125
0 1 7 96 96
1 1 7 101 -1 0 0
2 1 7 90 -8 6
3 1 7 36 37
4 1 7 69 67
6 1 7 30 -30
-6 2 7 29 28
- 5 2 7 50 50
- 3 2 7 80 -7 9
-2 2 7 74 -7 1
- 1 2 7 73 75
0 2 7 27 25
1 2 7 47 -4 8
2 2 7 28 27
3 2 7 44 42
5 2 7 31 -3 2
6 2 7 18 -12
7 2 7 15 3
-3 3 7 79 79
- 2 3 7 84 88
- 1 3 7 138 -14 0
H K L Fobs  F c a l c
0 3 7 130 -1 2 4
1 3 7 101 98
2 3 7 56 55
3 3 7 53 -5 0
5 3 7 20 20
- 7 4 7 23 22
- 6 4 7 15 14
- 2 4 7 31 31
- 1 4 7 72 - 7  3
0 4 7 93 - 9  2
1 4 7 107 106
2 4 7 100 98
3 4 7 69 - 6  9
4 4 7 49 - 4  8
5 4 7 24 23
- 5 5 7 27 24
- 2 5 7 15 14
1 5 7 49 - 4  9
2 5 7 37 -3 8
3 5 7 59 58
4 5 7 26 26
5 5 7 29 -2 7
- 5 6 7 23 23
-4 6 7 34 33
-3 6 7 47 -4 7
- 2 6 7 38 -4 0
- 1 6 7 44 44
-9 0 8 20 20
-8 0 8 36 34
- 7 0 8 27 22
- 6 0 8 25 25
- 5 0 8 98 92
-4 0 8 127 117
-3 0 8 41 35
H K L Fobs  F c a l c
- 2 0 8 55 54
-1 0 8 132 134
0 0 8 187 198
1 0 8 239 255
2 0 8 59 59
3 0 8 25 23
4 0 8 97 96
5 0 8 50 48
7 0 8 29 32
8 0 8 32 33
- 8 1 8 17 13
- 7 1 8 21 20
- 6 1 8 47 47
- 5 1 8 56 56
- 4 1 8 125 125
- 3 1 8 158 156
- 2 1 8 21 15
- 1 1 8 31 28
0 1 8 195 192
1 1 8 154 151
2 1 8 77 76
3 1 8 111 109
4 1 8 82 79
5 1 8 54 53
6 1 8 34 35
- 7 2 8 48 47
- 6 2 8 77 78
- 5 2 8 31 31
- 4 2 8 12 6
- 3 2 8 119 118
- 2 2 8 122 119
- 1 2 8 48 49
0 2 8 142 137
1 2 8 142 133
H K L Fobs  F c a l c
2 2 8 105 102
3 2 8 109 108
4 2 a 45 43
6 2 8 34 38
7 2 8 35 37
- 7 3 8 38 37
- 6 3 8 48 48
- 5 3 8 53 51
-4 3 8 40 41
- 3 3 8 47 46
- 2 ■3 8 133 133
-1 3 8 165 160
0 3 8 14 5
2 3 8 160 157
3 3 8 110 104
4 3 8 28 28
5 3 8 29 30
6 3 8 29 29
7 3 8 23 22
- 5 4 8 43 43
-4 4 8 71 74
-3 4 8 94 96
-2 4 8 26 22
-1 4 8 20 16
0 4 8 139 133
1 4 8 106 106
2 4 8 31 29
3 4 8 41 40
4 4 8 50 51
5 4 8 34 35
6 4 8 24 23
- 5 5 8 54 53
-4 5 8 44 43
-2 5 8 61 62
H A L  Fobs  F c a l c
- 1 5 8 81 78
0 5 8 66 65
1 5 8 81 32
2 5 B 24 23
3 5 B 14 -1
4 5 8 43 46
5 5 8 43 41
- 4 6 8 40 41
- 3 6 8 36 35
- 2 6 8 60 60
- 1 6 8 78 82
2 6 a 51 50
3 6 8 43 40
4 6 8 19 21
5 6 8 25 26
- 3 7 8 36 37
- 2 7 8 47 46
- 1 7 8 26 25
0 7 8 36 36
1 7 8 31 33
3 7 8 23 20
- 7 1 9 19 - 1 7
- 6 1 9 41 41
- 5 1 9 23 23
-4 1 9 70 -7 0
- 3 1 9 28 -2 8
- 2 1 9 25 24
- 1 1 9 60 59
0 1 9 58 58
1 1 9 17 -1 7
2 1 9 84 -8 3
4 1 9 32 33
5 1 9 14 4
- 6 2 9 35 -3 1
W
- J
TABLE II-5, cont'd.: Observed and Calculated Structure Factors,
Values of Fobs and Fcalc
H K L Fobs Fcalc
- 5 2 9 28 27
-4 2 9 65 67
-1 2 9 16 - 1 5
0 2 9 81 -7 4
1 2 9 41 39
3 2 9 43 -4 2
4 2 9 39 41
5 2 9 25 22
6 2 9 30 - 2 9
- 5 3 9 47 -4 8
- 4 3 9 43 - 4 3
- 3 3 9 90 91
- 2 3 9 51 49
-1 3 9 33 -3 1
0 3 9 30 29
1 3 9 37 - 3 7
2 3 9 48 -4 8
3 3 9 27 27
5 3 9 23 - 2 5
e 3 9 19 19
-3 4 9 38 41
-2 4 9 43 41
-1 4 9 50 - 5 1
0 4 9 49 - 5 0
3 4 9 17 14
-5 5 9 23 - 1 8
-3 5 9 29 30
-2 5 9 27 30
0 S 9 20 IS
2 S 9 36 - 3 7
3 5 9 39 - 3 9
5 5 9 30 29
- 5 6 9 26 28
-2 6 9 30 32
H K L Fobs Fcalc
0 6 9 28 - 2 8
-8 0 10 32 30
- 7 0 10 40 38
-6 0 10 22 23
- 5 0 10 44 40
-4 0 10 160 155
-3 0 10 191 188
-1 0 10 57 - 5 6
0 0 10 251 262
1 0 10 234 244
2 0 10 24 8
3 0 10 53 53
4 0 10 91 89
5 0 10 59 59
6 0 10 35 35
-8 1 10 17 18
- 7 1 10 38 39
-6 1 10 IS 14
- 5 1 10 17 13
-4 1 10 137 138
-3 1 10 139 141
- 2 1 10 91 93
- 1 1 10 154 157
0 1 10 103 101
1 1 10 40 36
2 1 10 105 101
3 1 10 87 87
4 1 10 51 51
5 1 10 66 66
6 1 10 40 40
- 7 2 10 20 23
- 6 2 10 62 64
- 5 2 10 83 84
- 4 2 10 44 42
H K L Fobs Fcalc
- 3 2 10 50 46
- 2 2 10 137 137
- 1 2 10 180 180
0 2 10 29 29
1 2 10 25 -22
2 2 10 140 136
3 2 10 165 164
4 2 10 52 50
6 2 10 17 21
7 2 10 27 26
-8 3 10 17 22
-6 3 10 32 31
- 5 3 10 77 76
-4 3 10 39 40
-3 3 10 50 51
- 2 3 10 121 121
-1 3 10 131 126
0 3 10 70 68
1 3 10 66 61
2 3 10 57 54
3 3 10 60 61
4 3 10 74 74
5 3 10 26 28
6 3 10 16 IB
7 3 10 27 26
- 7 4 10 39 39
- 6 4 10 32 31
-4 4 10 59 60
- 3 4 10 79 78
- 2 4 10 48 46
- 1 4 10 80 79
0 4 10 67 63
1 4 10 62 60
2 4 10 95 95
H K L Fobs Fcalc H K L Fobs Fcalc
3 4 10 38 38
4 4 10 16 12
5 4 10 44 45
6 4 10 30 33
- 7 5 10 17 15
- 6 5 10 23 23
- 5 5 10 19 20
- 4 5 10 43 45
-3 5 10 79 82
- 2 5 ,10 17 16
-1 5 10 27 -2 5
0 5 10 108 107
1 5 10 129 127
2 5 10 24 21
3 5 10 18 16
4 5 10 34 32
5 5 10 24 22
- 5 6 10 24 25
-4 6 10 18 18
- 2 6 10 60 57
- 1 6 10 62 60
0 6 10 46 43
1 6 10 53 55
2 6 10 18 21
4 6 10 33 32
5 6 10 27 27
- 2 7 10 43 42
- 1 7 10 48 49
1 7 10 22 20
2 7 10 50 49
3 7 10 35 34
- 5 1 11 21 22
-4 1 11 91 90
- 3 1 11 78 -7 9
- 2 1 11 209 -2 1 3
- 1 1 11 112 116
0 1 11 188 190
1 1 11 73 - 7  4
2 1 11 84 - 8 7
3 1 11 34 35
4 1 11 23 21
5 1 11 16 —9
6 1 11 16 -1 3
- 7 2 11 18 -1 6
-6 2 11 14 12
- 5 2 11 13 13
-4 2 11 51 -5 3
-2 2 11 85 86
2 2 11 101 -9 7
3 2 11 16 18
4 2 11 54 52
5 2 11 30 -2 8
- 7 3 11 35 38
- 5 3 11 50 - 4 9
-3 3 11 24 23
-2 3 11 57 -5 5
0 3 11 44 41
1 3 11 21 21
2 3 11 55 54
3 3 11 27 - 2 7
4 3 11 67 - 6 7
- 5 4 11 20 - 2 2
-4 4 11 20 - 1 9
-3 4 11 44 47
-2 4 11 52 54
-1 4 11 33 - 3 1
0 4 11 25 - 2 3
1 4 11 23 26
to
CO
TABLE I I - 5 ,  c o n t ' d . :  O b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s ,
V a l u e s  o f  Fobs and  F c a l c
8 K L Fobs  F c a l c
3 4 11 33 - 3  3
- 6 5 11 22 18
- 3 5 11 22 -2 3
- 2 S 11 31 -3 2
- 1 S 11 31 32
0 3 11 66 66
2 5 11 23 -2 2
5 5 11 23 -2 4
-2 6 11 30 -3 0
-1 6 11 22 23
0 6 11 54 54
1 6 11 32 -3 1
2 6 11 56 -5 4
4 6 11 24 23
-9 0 12 22 21
-8 0 12 26 22
- 7 0 12 15 13
-6 0 12 13 14
- 5 0 12 67 65
- 4 0 12 142 136
- 3 0 12 105 103
- 2 0 12 61 62
- 1 0 12 97 101
0 0 12 141 145
1 0 12 105 105
2 0 12 122 125
3 0 12 63 63
4 0 12 14 17
5 0 12 68 70
6 0 12 51 48
- 8 1 12 39 41
- 7 1 12 40 44
- 6 1 12 13 11
- 5 1 12 61 63
H K L Fobs  F c a l c
- 4 1 12 73 72
-3 1 12 15 8
-2 1 12 133 136
-1 1 12 189 199
0 1 12 121 122
1 1 12 126 125
2 1 12 82 83
3 1 12 21 18
4 1 12 49 50
5 1 12 54 56
6 1 12 28 26
7 1 12 24 21
- 7 2 12 23 27
-6 2 12 61 61
- 5 2 12 42 41
- 4 2 12 34 33
- 3 2 12 96 97
-2 2 12 133 135
- 1 2 12 147 148
0 2 12 86 85
1 2 12 37 34
2 2 12 61 59
3 2 12 95 96
4 2 12 70 72
5 2 12 33 32
6 2 12 21 20
-7 3 12 39 38
-6 3 12 63 64
-5 3 12 21 18
-3 3 12 74 75
-2 3 12 113 114
-1 3 12 132 132
0 3 12 62 59
1 3 12 48 45
H K L Fobs  F c a l c
2 3 12 101 96
3 3 12 85 80
4 3 12 15 18
5 3 12 14 14
6 3 12 38 36
7 3 12 17 20
- 5 4 12 81 33
-4 4 12 78 78
-3 4 12 21 16
- 2 4 12 44 45
- 1 4 12 70 66
0 4 12 76 74
1 4 12 104 103
2 4 12 41 39
4 4 12 54 55
5 4 12 35 35
- 5 5 12 20 23
-4 5 12 64 65
-3 5 12 64 64
- 2 5 12 18 19
- 1 5 12 31 31
0 5 12 59 57
1 5 12 41 37
2 5 12 56 55
3 5 12 48 49
4 5 12 23 21
5 5 12 33 29
- 4 6 12 15 14
- 3 6 12 41 42
- 2 6 12 38 37
0 6 12 40 41
1 6 12 61 61
2 6 12 35 34
3 6 12 22 22
H K L Fobs F c a l c  H K L Fobs  F c a l c
4 6 12 27 21 - 4 4 13 36 -3 6
3 7 12 56 57 - 3 4 13 22 22
2 7 12 18 18 - 2 4 13 15 16
1 7 12 24 -2 2 - 1 4 13 16 -1 7
0 7 12 34 32 4 4 13 17 -1 8
1 7 12 36 34 5 4 13 22 -2 0
8 1 13 14 7 - 5 5 13 24 23
6 1 13 25 -2  6 - 4 5 13 40 42
5 1 13 39 41 - 3 5 13 20 - 1 7
4 1 13 57 58 - 2 5 13 58 - 5 7
3 1 13 73 - 7  5 2 5 13 23 27
1 1 13 25 29 - 4 6 13 17 19
0 1 13 76 -74 3 6 13 20 - 1 7
3 1 13 31 -33 -8 0 14 34 33
4 1 13 12 11 - 7 0 14 44 41
5 1 13 29 27 - 5 0 14 16 17
6 1 13 17 -1 9 - 4 0 14 116 110
7 1 13 15 -1 2 - 3 0 14 172 170
4 2 13 34 34 - 2 0 14 68 67
3 2 13 14 -1 5 - 1 0 14 29 -2 7
2 2 13 106 -10 6 0 0 14 131 129
1 2 13 30 29 1 0 14 212 217
0 2 13 153 150 2 0 14 81 83
1 2 13 44 -4 2 3 0 14 17 -1 8
2 2 13 87 -8  4 4 0 14 57 60
3 2 13 31 31 5 0 14 78 79
4 3 13 40 39 6 0 14 24 25
1 3 13 23 -2 1 -8 1 14 20 19
0 3 13 102 -9 7 - 7 1 14 30 29
2 3 13 100 98 - 6 1 14 66 67
3 3 13 23 23 - 5 1 14 89 91
4 3 13 23 -2 5 -4 1 14 42 39
6 4 13 20 18 -3 1 14 77 74
5 4 13 17 -1 4 - 2 1 14 95 96
to
V£>
TABLE I1-5, cont’d.: Observed and Calculated Structure Factors,
Values of Fobs and Fcalc
H K L Fobs  F c a l c
0 1 14 104 105
1 1 14 205 205
2 1 14 102 108
3 1 14 39 40
4 1 14 45 46
5 1 14 36 35
e 1 14 19 22
- 7 2 14 17 17
- 6 2 14 52 53
- 5 2 14 70 71
- 4 2 14 40 38
- 2 2 14 119 121
- 1 2 14 216 213
0 2 14 67 65
2 2 14 99 98
3 2 14 113 109
4 2 14 31 33
5 2 14 21 IS
6 2 14 28 30
7 2 14 19 21
- 8 3 14 17 18
- 7 3 14 15 9
- 6 3 14 33 33
- 5 3 14 101 102
- 4 3 14 61 60
- 3 3 14 39 -3 9
- 2 3 14 81 79
- 1 3 14 163 162
0 3 14 58 57
1 3 14 54 54
2 3 14 72 70
3 3 14 70 67
4 3 14 55 57
5 3 14 20 20
H K L Fobs  F c a l c
7 3 14 18 16
- 7 4 14 26 28
- 6 4 14 37 36
- 4 4 14 40 40
-3 4 14 144 145
-2 4 14 56 57
- 1 4 14 27 -24
0 4 14 84 31
1 4 14 105 104
2 4 14 45 43
3 4 14 39 38
4 4 14 19 21
5 4 14 22 21
6 4 14 30 32
- 4 5 14 57 57
- 3 5 14 82 78
- 2 5 14 35 34
- 1 5 14 24 23
0 5 14 66 65
1 5 14 71 69
2 5 14 24 23
4 5 14 35 33
5 5 14 45 43
- 5 6 14 44 44
-4 6 14 32 35
- 2 6 14 34 34
- 1 6 14 44 44
0 6 14 35 35
1 6 14 21 19
2 6 14 23 23
3 6 14 35 35
4 6 14 29 30
-3 7 14 38 35
-2 7 14 34 32
H K L Fobs  F c a l c
- 1 7 14 71 71
0 7 14 27 25
1 7 14 47 -4 4
- 7 1 15 47 -4 6
- 5 1 15 68 68
-4 1 15 11 9
-3 1 15 53 -53
- 1 1 15 32 33
0 1 15 86 85
1 1 15 29 - 3  4
2 1 15 120 -1 2 1
4 1 IS 66 67
- 5 2 15 16 10
-4 2 15 27 27
-3 2 15 22 -2 2
0 2 15 11 -1 1
2 2 15 33 33
4 2 15 28 -2 6
5 2 15 14 9
-6 3 15 31 -3 1
- 3 3 15 38 38
-2 3 15 90 91
0 3 15 116 -1 1 2
1 3 IS 26 -2 8
2 3 15 24 23
-6 4 15 21 16
-3 4 15 20 20
0 4 15 36 -3 6
2 4 15 40 42
4 4 15 37 -3 5
-2 5 15 38 37
0 5 15 52 -5 1
3 5 15 20 -2 1
- 5 6 15 26 27
H K L Fobs  F c a l c
2 6 15 17 -2 0
- 8 0 16 36 36
- 7 0 16 51 49
-6 0 16 24 23
- 5 0 16 29 28
-4 0 16 94 92
-3 0 16 142 139
- 2 0 16 66 68
-1 0 16 51 48
0 0 16 101 102
1 0 16 123 126
2 0 16 96 96
3 0 16 32 33
4 0 16 21 22
5 0 16 44 41
6 0 16 46 44
7 0 16 18 17
- 7 1 16 14 7
-6 1 16 40 40
- 5 1 16 60 60
- 4 1 16 85 92
-3 1 16 158 157
- 2 1 16 84 87
- 1 1 16 19 17
0 1 16 75 75
1 1 16 81 77
2 1 16 67 68
3 1 16 84 87
4 1 16 69 69
5 1 16 33 30
- 8 2 16 16 15
- 7 2 16 32 33
- 6 2 16 57 56
- 5 2 16 50 48
H K L Fobs F c a l c
-4 2 16 31 30
- 3 2 16 50 49
- 2 2 16 116 114
-1 2 16 108 113
0 2 16 80 79
1 2 16 73 72
2 2 16 53 52
3 2 16 59 55
4 2 16 66 64
5 2 16 36 34
-6 3 16 53 52
- 5 3 16 48 45
-4 3 16 24 23
-3 3 16 103 105
- 2 3 16 111 111
- 1 3 16 15 - 5
0 3 16 63 60
1 3 16 109 103
2 3 16 38 37
3 3 16 64 64
4 3 16 53 53
5 3 16 16 14
6 3 16 20 20
- 7 4 16 18 21
- 5 4 16 42 45
-4 4 16 82 83
- 2 4 16 24 21
- 1 4 16 130 131
0 4 16 71 69
2 4 16 68 67
3 4 16 53 52
5 4 16 26 29
6 4 16 17 19
- 5 5 16 17 20
U)
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TABLE II—5, cont'd.: Observed and Calculated Structure Factors,
Values oE Fobs and Fcalc
K K L Fobs Fcalc
- 4 5 16 43 42
- 3 5 16 35 35
- 2 5 16 29 31
- 1 5 16 56 53
0 5 16 58 54
1 5 16 54 55
2 5 16 53 52
- 3 6 16 61 62
- 2 6 16 45 44
- 1 6 16 14 7
0 6 16 40 40
1 6 16 45 42
2 6 16 19 17
3 6 16 24 22
- 2 7 16 27 19
- 1 7 16 80 SO
0 7 16 31 30
- 6 1 17 44 -4 1
- 5 1 17 21 -2 3
—4 1 17 56 58
- 2 1 17 77 -82
0 1 17 101 104
2 1 17 42 - 4 3
3 1 17 43 - 4 5
5 1 17 28 28
- 7 2 17 17 -14
- 6 2 17 15 1
- 5 2 17 31 30
-3 2 17 21 - 18
-2 2 17 26 -2 7
0 2 17 54 53
2 2 17 41 - 3 9
4 2 17 23 26
6 2 17 16 - 1 7
H K L Fobs Fcalc
- 6 3 17 26 27
-4 3 17 97 - 9 7
- 2 3 17 117 118
0 3 17 38 - 3 7
1 3 17 25 24
3 3 17 23 -2 9
4 3 17 14 -1 1
-4 4 17 20 -1 9
-2 4 17 47 47
0 4 17 64 -6 1
2 4 17 37 37
4 4 17 16 -1 5
- 4 5 17 25 - 2 5
-2 5 17 23 23
0 5 17 30 27
2 5 17 43 -4 2
3 5 17 17 -1 8
-4 6 17 35 31
-3 6 17 16 12
- 2 6 17 39 -3 6
0 6 17 27 27
-7 0 18 35 36
-6 0 18 34 31
-5 0 18 32 31
-4 0 13 88 90
-3 0 18 133 129
-2 0 18 64 64
- 1 0 18 31 30
0 0 18 79 83
1 0 18 167 171
2 0 18 96 9a
4 0 18 29 30
5 0 18 47 49
6 0 18 19 20
H K L Fobs Fcalc
- 8 1 18 33 34
- 7 1 18 32 35
- 6 1 18 14 16
-4 1 18 57 60
-3 1 18 146 149
-2 1 IS 87 93
-1 1 18 94 97
0 1 18 130 132
1 1 18 59 58
2 1 18 20 20
3 1 18 44 47
4 1 18 51 50
5 1 18 36 40
6 1 18 29 31
-7 2 18 30 29
-6 2 18 53 56
-5 2 18 72 73
-4 2 18 47 48
-2 2 18 75 75
- 1 2 IS 155 157
0 2 18 93 95
1 2 18 16 13
2 2 18 52 51
3 2 18 90 89
4 2 18 46 46
5 2 18 15 10
6 2 18 15 15
- 7 3 IB 17 19
-6 3 18 41 41
- 5 3 18 40 38
-4 3 18 49 47
-3 3 18 35 35
-2 3 18 61 61
-1 3 18 143 149
H K L Fobs Fcalc
0 3 18 98 93
1 3 18 49 -4  8
2 3 18 41 38
3 3 18 112 109
4 3 16 29 29
6 3 13 25 21
- 7 4 13 21 18
- 5 4 18 31 31
-4 4 18 43 43
-3 4 18 79 80
- 2 4 18 71 70
- 1 4 18 26 -2 6
0 4 18 35 33
1 4 18 140 138
2 4 18 57 56
3 4 18 16 -1 5
4 4 18 26 27
5 4 18 39 38
- 5 5 18 29 29
- 4 5 18 41 40
-3 5 18 47 47
- 2 5 18 35 36
0 5 18 '29 26
1 5 13 87 82
2 5 18 55 52
-4 6 18 22 19
- 3 6 18 19 19
- 2 6 18 21 23
- 1 6 18 64 64
0 6 18 38 37
2 6 IB 26 26
3 6 18 41 38
- 7 1 19 22 - 2 6
- 5 1 19 72 72
H K L Fobs Fcalc
- 4 1 19 15 -26
- 3 1 19 56 -7 5
1 1 19 22 31
3 1 19 21 -2 0
4 1 19 25 24
- 5 2 19 14 -1 3
-4 2 19 48 48
- 3 2 19 33 32
- 2 2 19 67 -6 8
0 2 19 30 30
5 2 19 17 15
- 7 3 19 26 24
-6 3 19 35 33
- 5 3 19 21 -20
-4 3 19 22 - 2  2
-3 3 19 31 30
- 2 3 19 32 -3 3
- 1 3 19 56 - 5 7
0 3 19 42 41
1 3 19 32 32
3 3 19 20 19
5 3 19 31 -30
- 2 4 19 25 23
0 4 19 26 -26
- 6 5 19 16 20
- 2 5 19 40 -3 7
-1 5 19 27 - 2 6
0 5 19 37 37
- 3 6 19 27 -28
- 8 0 20 39 36
- 7 0 20 30 27
- 5 0 20 34 34
- 4 0 20 101 100
- 3 0 20 116 113
TABLE II-5, cont'd.: Observed and Calculated Structure Factors,
Values of Fobs and Fcalc
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
- 2 0 20 69 67
-1 0 20 16 13
0 0 20 61 60
1 0 20 134 135
2 0 20 75 76
3 0 20 45 46
4 0 20 44 44
5 0 20 19 19
6 0 20 21 21
- 7 1 20 52 52
- 6 1 20 62 62
-4 1 20 SO 50
- 3 1 20 24 29
- 2 1 20 27 24
- 1 1 20 133 140
0 1 20 115 119
1 1 20 62 63
2 1 20 84 91
3 1 20 49 45
5 1 20 27 30
6 1 20 33 33
—6 2 20 22 22
-5 2 20 92 96
-4 2 20 62 63
-2 2 20 79 78
-1 2 20 101 96
0 2 20 64 63
1 2 20 52 52
2 2 20 53 49
3 2 20 56 56
4 2 20 55 56
5 2 20 26 25
- 7 3 20 27 27
- 6 3 20 18 20
- 5 3 20 55 53
- 4 3 20 52 52
- 3 3 20 13 15
-2 3 20 58 56
-1 3 20 96 97
0 3 20 76 75
1 3 20 57 56
2 3 20 45 45
4 3 20 38 34
5 3 20 34 37
- 7 4 20 16 19
-6 4 20 37 37
- 5 4 20 20 19
-4 4 20 31 31
-3 4 20 71 69
- 2 4 20 50 49
- 1 4 20 48 48
0 4 20 54 52
1 4 20 21 16
2 4 20 48 48
3 4 20 65 65
-6 5 20 21 i a
-4 5 20 32 32
-3 5 20 72 70
-2 5 20 54 52
0 5 20 24 22
1 5 20 61 56
2 5 20 31 31
4 5 20 23 22
-4 6 20 24 26
-3 6 20 29 30
-2 6 20 28 28
- 1 6 20 30 28
0 6 20 29 29
1 6 20 43 44
2 6 20 21 20
-4 1 21 75 79
-3 1 21 80 80
-2 1 21 141 - 1 4 5
-1 1 21 81 -8 9
0 1 21 125 124
1 1 21 23 39
2 1 21 66 - 7 3
4 1 21 25 25
-6 2 21 23 - 2 3
-4 2 21 25 26
-1 2 21 34 35
0 2 21 25 - 2 5
- 6 3 21 15 15
- 3 3 21 18 19
- 2 3 21 13 10
0 3 21 51 -SO
1 3 21 61 - 6 0
2 3 21 36 39
3 3 21 47 48
4 3 21 20 - 1 8
- 2 4 21 39 39
0 4 21 27 - 2 8
-4 5 21 35 33
-2 5 21 21 - 2 3
-4 6 21 27 27
-3 6 21 32 33
- 2 6 21 37 -3  7
- 1 6 21 24 -2 3
0 6 21 44 44
2 6 21 35 -3 3
-8 0 22 22 24
-7 0 22 30 26
- 6 0 22 43 40
- 5 0 22 16 12
-4 0 22 35 33
-3 0 22 147 143
- 2 0 22 122 120
0 0 22 45 42
1 0 22 101 99
2 0 22 63 62
3 0 22 39 40
4 0 22 18 18
5 0 22 36 36
6 0 22 41 38
-8 1 22 29 27
-7 1 22 29 27
- 5 1 22 81 81
- 4 1 22 121 126
- 1 1 22 53 56
1 1 22 102 103
2 1 22 110 112
3 1 22 24 23
4 1 22 24 29
5 1 22 35 34
-6 2 22 55 56
- 5 2 22 59 57
-3 2 22 58 58
- 2 2 22 103 104
- 1 2 22 86 38
0 2 22 71 71
1 2 22 i a 18
3 2 22 66 65
4 2 22 56 54
5 2 22 17 16
- 6 3 22 47 47
- 5 3 22 64 63
- 4 3 22 23 22
- 3 3 22 29 28
- 2 3 22 56 58
- 1 3 22 81 81
0 3 22 65 63
1 3 22 24 23
2 3 22 48 46
3 3 22 65 63
4 3 22 31 23
- 5 4 22 24 23
- 4 4 22 70 70
- 3 4 22 45 45
- 2 4 22 30 28
- 1 4 22 43 42
0 4 22 40 39
1 4 22 67 65
2 4 22 52 50
4 4 22 18 19
-4 5 22 28 28
- 3 5 22 60 60
- 2 5 22 39 40
- 1 5 22 19 18
0 5 22 46 43
1 5 22 46 47
2 5 22 23 22
3 5 22 19 17
- 3 6 22 20 20
- 2 6 22 28 27
- 1 6 22 33 32
0 6 22 34 33
1 6 22 25 25
- 6 1 23 27 -2 4
- 4 1 23 33 46
- 3 1 23 12 -1 5
to
N3
TABLE II-5, cont'd.: Observed and Calculated Structure Factors,
Values of Fobs and Fcalc
H K L Fobs Fcalc
- 1 1 23 51 54
0 1 23 28 -2 9
2 1 23 24 31
4 1 23 20 - 2 2
- 5 2 23 18 25
- 3 2 23 24 - 2 8
1 2 23 31 30
2 2 23 41 - 3 7
3 2 23 17 - 2 0
- 5 3 23 29 -2 8
- 3 3 23 18 17
- 2 3 23 31 29
- 1 3 23 34 38
0 3 23 23 -2 2
1 3 23 40 -3 9
-6 4 23 16 13
-4 4 23 35 -3 4
-3 4 23 17 -1 6
- 2 4 23 36 35
-4 5 23 18 15
-3 6 23 29 - 2 7
- 1 6 23 30 28
- 7 0 24 46 45
- 6 0 24 46 40
- 5 0 24 15 -1 1
- 4 0 24 45 47
- 3 0 24 115 110
- 2 0 24 65 63
- 1 0 24 46 49
0 0 24 82 80
1 0 24 70 67
2 0 24 72 69
3 0 24 25 29
5 0 24 30 28
H K L Fobs Fcalc
6 0 24 30 27
-6 1 24 38 39
- 5 1 24 46 43
- 3 1 24 105 106
- 2 1 24 170 175
1 1 24 87 88
2 1 24 40 42
3 1 24 27 32
4 1 24 50 52
5 1 24 27 21
- 7 2 24 19 22
- 6 2 24 25 27
- 5 2 24 44 43
- 4 2 24 53 53
-3 2 24 20 22
-2 2 24 22 17
-1 2 24 121 120
0 2 24 126 125
1 2 24 17 20
3 2 24 40 40
4 2 24 37 34
5 2 24 24 21
- 5 3 24 49 49
- 4 3 24 72 70
- 3 3 24 25 24
- 2 3 24 17 17
- 1 3 24 92 88
0 3 24 68 66
1 3 24 26 24
2 3 24 31 32
3 3 24 34 33
4 3 24 37 37
5 3 24 27 25
- 6 4 24 28 29
H K L Fobs Fcalc
- 5 4 24 22 23
-3 4 24 62 60
-2 4 24 81 80
1 4 24 64 59
2 4 24 46 44
3 4 24 30 30
-3 5 24 45 44
- 2 5 24 34 31
- 1 5 24 22 19
0 5 24 35 33
1 5 24 41 38
2 5 24 36 37
-1 6 24 34 31
0 6 24 30 27
-6 1 25 25 - 2 5
-4 1 25 31 30
-1 1 25 25 -2 5
1 1 25 60 61
2 1 25 54 -5 1
3 1 25 42 -44
4 1 25 24 27
-3 2 25 18 17
-2 2 25 24 -2 6
-1 2 25 38 -4 2
1 2 25 26 30
-6 3 25 14 5
-4 3 25 26 -3 2
- 3 3 25 49 -5 1
- 2 3 25 44 45
-1 3 25 50 49
0 3 25 34 -35
-6 4 25 26 26
-5 4 25 38 36
-4 4 25 27 -25
H K L Fobs Fcalc
- 3 4 25 16 -1 7
0 4 25 16 -1 6
- 1 6 25 36 -3 7
- 7 0 26 67 61
- 6 0 26 26 26
- 4 0 26 62 59
-3 0 26 82 77
- 2 0 26 52 53
- 1 0 26 22 21
0 0 26 32 31
1 0 26 95 94
2 0 26 98 97
3 0 26 19 19
5 0 26 24 22
- 6 1 26 33 32
- 5 1 26 16 15
-4 1 26 33 32
-3 1 26 76 73
- 2 1 26 36 40
- 1 1 26 65 65
0 1 26 123 124
1 1 26 39 38
3 1 26 44 43
4 1 26 32 31
- 6 2 26 53 53
- 5 2 26 58 57
- 4 2 26 33 31
- 3 2 26 16 15
- 2 2 26 35 32
- 1 2 26 75 72
0 2 26 66 63
1 2 26 50 50
2 2 26 48 48
3 2 26 36 33
H K L Fobs Fcalc
4 2 26 24 24
- 6 3 26 32 30
- 5 3 26 40 39
- 4 3 26 21 21
- 3 3 26 31 31
- 2 3 26 64 63
- 1 3 26 51 51
0 3 26 39 37
1 3 26 55 51
2 3 26 25 25
3 3 26 22 23
4 3 26 31 33
- 6 4 26 18 14
- 4 4 26 45 46
- 3 4 26 48 47
- 1 4 26 39 41
0 4 26 58 53
1 4 26 20 21
2 4 26 21 23
3 4 26 34 33
- 4 5 26 51 53
- 3 5 26 34 32
- 2 5 26 22 15
- 1 5 26 26 26
0 5 26 20 20
1 5 26 30 26
2 5 26 40 39
- 5 1 27 20 -1 7
- 4 1 27 21 21
-2 1 27 24 -2 9
-1 1 27 36 -4 6
-4 2 27 31 31
-3 2 27 15 16
2 2 27 14 -1 1
U>
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TABLE II-5, cont'd.: Observed and Calculated Structure Factors,
Values of Fobs and Fcalc
H K L Fobs  F c a l c
- 6 3 27 21 22
- 4 3 27 25 -2 4
- 1 3 27 20 -2 3
1 3 27 16 15
- 3 4 27 52 52
- 1 4 27 21 -2 1
1 4 27 23 -2 4
- 3 5 27 29 - 2 7
1 5 27 23 17
-7 0 28 15 15
-6 0 28 36 32
- 5 0 28 44 45
-4 0 28 48 48
-3 0 28 75 72
- 2 0 28 81 75
- 1 0 28 28 29
1 0 23 40 37
2 0 28 75 71
3 0 28 51 48
4 0 28 20 22
- 7 1 28 39 34
-6 1 28 35 31
- 5 1 28 25 25
- 4 1 28 38 38
-3 1 28 54 54
- 2 1 28 44 42
- 1 1 28 35 39
0 1 28 47 46
1 1 23 63 63
2 1 28 65 65
3 1 28 18 20
- 7 2 28 18 16
- S 2 28 49 48
-4 2 28 101 98
H K L Fobs  F c a l c
-3 2 28 25 23
-2 2 28 13 -8
- 1 2 28 72 72
0 2 28 77 72
1 2 28 18 17
3 2 23 43 42
4 2 28 46 44
-6 3 28 25 25
- 5 3 28 42 39
-4 3 28 54 51
-3 3 28 25 25
- 1 3 28 60 58
0 3 23 77 74
1 3 28 20 19
2 3 28 14 9
3 3 28 42 40
-4 4 28 19 17
-3 4 28 42 41
- 2 4 28 62 61
- 1 4 28 23 23
1 4 28 48 46
2 4 28 50 45
- 3 S 28 36 35
- 2 S 28 71 70
1 5 28 34 34
- 6 1 29 28 -26
-4 1 29 35 36
-6 2 29 15 -15
- 5 2 29 29 -31
- 3 2 29 34 35
0 2 29 25 26
2 2 29 17 -18
-2 3 29 14 15
1 3 29 22 -22
H K L Fobs  F c a l c
3 3 29 19 17
- 5 4 29 28 -2 7
-1 4 29 65 63
1 4 29 49 -4 6
- 1 5 29 44 -4 2
- 4 0 30 58 55
-3 0 30 84 79
- 2 0 30 87 84
- 1 0 30 53 53
1 0 30 42 38
2 0 30 55 52
4 0 30 16 14
- 6 1 30 37 35
-5 1 30 40 39
-4 1 30 34 36
-3 1 30 49 46
-2 1 30 40 40
-1 1 30 43 47
0 1 30 48 46
1 1 30 25 27
2 1 30 35 35
3 1 30 45 43
-6 2 30 15 18
- 5 2 30 56 55
-4 2 30 28 26
- 2 2 30 82 78
-1 2 30 66 64
0 2 30 25 23
1 2 30 37 36
2 2 30 26 26
3 2 30 17 12
- 5 3 30 23 24
- 4 3 30 52 50
-3 3 30 24 24
H K L Fobs  F c a l c
- 2 3 30 34 35
-1 3 30 50 49
0 3 30 32 30
1 3 30 29 29
2 3 30 35 31
3 3 30 16 18
-4 4 30 22 22
-3 4 30 33 35
- 2 4 30 32 29
- 1 4 30 22 24
0 4 30 40 38
1 4 30 22 23
2 4 30 20 18
- 3 1 31 36 43
- 1 1 31 38 -4 8
1 1 31 30 30
- 3 2 31 23 -22
2 2 31 20 18
- 1 3 31 17 i a
1 3 31 18 - 2 0
2 3 31 16 -1 4
-3 4 31 60 -5 8
- 1 4 31 33 35
- 6 0 32 56 53
- 5 0 32 35 33
-4 0 32 60 - 5 6
- 3 0 32 22 20
- 2 0 32 142 130
- 1 0 32 41 41
1 0 32 72 67
2 0 32 49 44
3 0 32 17 12
- 6 1 32 25 24
- 5 1 32 16 19
H K I* Fobs  F c a l c
-4 1 32 48 44
- 3 1 32 46 49
- 2 1 32 36 36
-1 1 32 34 42
0 1 32 26 26
1 1 32 30 32
2 1 32 52 46
- 5 2 32 31 30
-4 2 32 39 36
-3 2 32 26 25
- 1 2 32 43 41
0 2 32 92 87
1 2 32 42 39
3 2 32 21 20
- 5 3 32 48 47
- 2 3 32 41 41
- 1 3 32 44 39
0 3 32 47 44
1 3 32 32 29
- 3 4 32 39 39
- 2 4 32 29 27
-1 4 32 29 25
- 5 2 33 28 29
- 1 2 33 20 - 2 4
1 2 33 20 24
- 4 3 33 24 -23
1 3 33 21 -1 9
-1 4 33 13 - 1 9
- 5 0 34 24 22
- 4 0 34 17 19
- 3 0 34 78 70
0 0 34 70 66
1 0 34 54 46
- 5 1 34 20 19
OJ
TABLE II-5, cont'd.: Observed and Calculated Structure Factors,
Values of Fobs and Fcalc
II K L Fobs F c a l c H K L Fobs F c a l c K K L Fobs F c a l c H K L Fobs F c a l c H K L Fobs F c a l c
- 4 1 34 29 31 - 1 2 34 29 26 - 4 2 35 31 -2 9 -3 0 36 73 67 1 1 36 27 30
-3 1 34 34 34 0 2 34 41 40 - 3 2 35 50 46 -2 0 36 48 43 -3 2 36 36 39
-2 1 34 58 56 1 2 34 39 36 - 2 2 35 31 30 -1 0 36 36 35 0 2 36 57 52
-1 1 34 39 41 - 3 3 34 41 38 - 1 2 35 29 - 2 9 -4 1 36 20 20 - 2 2 37 30 -29
1 1 34 27 30 - 1 3 34 25 21 - 2 3 35 16 -1 5 -2 1 36 46 45 - 2 0 38 69 61
2 1 34 35 32 0 3 34 62 57 - 1 3 35 37 34 -1 1 36 25 36 - 1 0 38 67 64
- 4 2 34 32 28 1 1 35 27 31 - 4 0 36 49 47 0 1 36 35 31
u>
<J1
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DISCUSSION
Molecular Structure
In the present compound (figure Il-l), the BEDT-TTF
cation exhibits bond lengths (table II-6) and angles (table
II-7) similar to those in related BEDT-TTF salts (table
II-9). Unlike the aforementioned (TMTSF)2 X compounds,
BEDT-TTF is slightly twisted from planarity about the
central C==C bond in the present structure by +/- 3.29°
(table II-8). The further twisting of exocyclic ethylene
groups in BEDT-TTF prevents the dense face-to-face
stacking seen in TMTSF salts. Disorder evident in one
ethylene group of the BEDT-TTF molecule (figure 11-2.1}, is
quite common to these salts and indicates an average of two
24 25conformational isomers. ' One isomer in the final 
structural model, with near-C2v symmetry, exhibits 
ethylene torsion angles of -66.74(95)° and -67.06(3.41)°, 
and may be denoted as - The other conformational
isomer, denoted as - + with near-D2 symmetry, has ethylene 
torsion angles of -66.74(95)° and +67.05(2.86)“ (figure 
11-2 .2 ).
The crystallographically independent (asymmetric) unit 
of (BEDT-TTF ) 2  AuBr2 consists of one half of the formula 
unit, related to the other half by an inversion center 
about the origin, upon which the gold atom lies. By
37
definition, then, the Br-Au-Br anion is linear, with 
Br-Au bond length of 2.378(1) A providing a total anion 
length (L) of 8.7 A. The known |3-(BEDT-TTF)2 X atmospheric 
pressure superconductors all contain anions that are 
significantly longer than in the present compound: X=I3
(L«=10.2 A, Tc=l . 6 K), X=Au I2 (L=9.4 A, Tc=4.0 K), X =IBr2 
(L=9.3 A, Tc=2.8 K),26
Crystal Packing
(BEDT-TTF)2 AuBr2 crystallizes in the monoclinic space 
group P2/c; a=7.795(3) A, b = 6 . 715(1) A, c=32.2000(2) A, and 
(3=100.5080(23)°, with Z=2. Other salts in P2/c include 
(BEDT-TTF)2 Cl04 (C4Hg02 ) and (BEDT-TTF)2 A u (CN)2 .23,26
The long-range molecular arrangement may be more 
easily understood if it is compared with a mythical 
"idealized" monoclinic structure (figure 11-3). This ideal 
structure, of the same dimensions as the real crystal, 
consists of parallel ribbons of planar BEDT-TTF molecules 
in which the long molecular axes (M) are about 10.5° from 
coincidence with the crystallographic c axis. The ribbons 
are arranged along axes (R) parallel to the crystallo­
graphic b axis and are separated by the linear anions 
Br-Au-Br. Additionally, the molecular centers of all 
stacks of ribbons are aligned with stacking axes (S) normal 
to the ribbon axes, and parallel to the crystallographic a 
axis. The intra-ribbon center to center molecular distance
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w o u l d  b e  6.715 A, a nd  t h e  i n t r a - s t a c k  d i s t a n c e  w o u l d  be 
3.641 A ( f i g u r e  11-3).
In contrast, the real crystal structure exhibits 
dimerization of the BEDT-TTF molecules,, as shown by an 
intra-S distance between molecules within a unit cell of 
3.444 A, and an intra-S distance of 3.847 A between 
molecules in adjacent unit cells (figure II-4.1). Similar 
dimers exist in related structures (BEDT-TTF)2 X, where 
X=inBr^^, A u (CN)2^ ,  A u i 2 (non-S) ^  . Also, the molecules 
are displaced in alternating fashion from the stacking 
center by +/- 0.507 A (figure II-4.2). The BEDT-TTF 
molecules in the real structure are rotated about the 
ribbon axes at an angle of 20.87° (figure II-4.3).
Rotations about the stacking axes are +/- 15.91° (figure 
II-4.4), and about the long molecular axes are +/- 5.88° 
(figure II-4.5), giving actual molecular packing as shown 
in figures II-5 through II-7.
Along each ribbon of BEDT-TTF molecules, there are 
four intermolecular sulfur-sulfur contact distances less 
than the sum of their van der Waals radii of 3.60 A (figure
II-8.1), the shortest being the S2b-S3b contact of 3.446 A. 
The shortest sulfur-sulfur intrastack distance of 3.603 A 
is due to the Sla-Slb contact (figure II-8.2).
Close contacts between the hydrogen atoms of the 
BEDT-TTF molecules and the bromine atoms of the anion
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{table 11-10) are those at or near the sum of their van der 
Waals radii of 3.15 A, and are pictured in figure 11-10.
The hydrogen atoms form a "cage" around each bromine. in 
this way, the anions act as "spacers" for the BEDT-TTF 
molecules, a phenomenon illustrated by studies of system­
atic variations in anion length which directly altered
2 8BEDT-TTF cation spacing.
Crystal packing in various BEDT-TTF charge-transfer 
salts has been classified into two types of intrastacking 
motifs, and into three types of interstacking motifs.14 
Packing in the present compound can be described in terms 
of these categories as follows:
The "c-mode" overlapping of BEDT-TTF molecules along 
the stacking axis in this compound (figure 11 — 6) is present 
in other salts in the class, notably {BEDT-TTF)2 ClO^ 
tC4H8° 2 )'23 BEDT-TTF)2 Au{CN)2 ,26 (BEDT-TTF)2 AsFg ,25 
S-(BEDT-TTF)2 I3 ,29 and 0-(BEDT-TTF)2 pp6 '24 and is an 
apparent attempt to avoid steric repulsion in the bulky 
exocyclic ethylene groups. The known salts adopting this 
"twist-type" overlapping are semiconductors, as is the 
present compound.1 4 '2^
The observed "linear" arrangement of BEDT-TTF
molecules along the ribbon axis (figure II-8.1) is also
seen in the superconducting 8-phases of (BEDT-TTF)2 X,
14where X = 1^, IBr2 , and Aul2 *
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In the superconducting BEDT-TTF salts, the molecules
in adjacent stacks are displaced from one another, in a
12"corrugated sheet network" of cations. In contrast,
(BEDT-TTF )^ A u B ^  exhibits a "smooth sheet network", 
illustrated in figure 11-10, in which the type of two- 
dimensional structure that has been observed in all of the 
known superconducting BEDT-TTF salts, and is apparently 
necessary for superconductivity, is not present. However, 
the number of BEDT-TTF compounds studied thus far is not 
large enough to allow definite conclusions relating their 
structures to their conducting properties.
S3b
Sib
IC5b
Sla
C2b
S3a C4b
C l b
C3b
ClaC2a C3a S4b
S2bC4a
S2a
C5a
S4a
FIGURE II-l: Asymmetric Unit of (BEDT-TTF)2 AuBr2
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TABLE II-6: Bond Distances in Angstroms
(BEDT-TTF)2AuBr2
Atom 1 Atom 2 Di stance Atom 1 Atom 2 Distance
Sla Cla 1.735(9) S3b2 C2b 1.64(3)
Sla C2a 1.741(8) S3b2 C4b2 1.64(6)
Sib Clb 1.745(8) S4bl C3b 1 .81(3 )
Sib C2b 1.75(1) S4bl C5bl 1.81(4 )
S2a Cla 1.724(9) S4b2 C3b 1.81(5)
S2a C3a 1.77(1) S4b2 C5b2 1.82(4)
S2b Clb 1.730(9) Cla Clb 1.36(1)
S2b C3b 1.738(9) C2a C3a 1.32(1)
S3a C2a 1.751(8) C2b C3b 1.35(1)
S3a C4a 1.82(1) C4a C5a 1.49(1)
S4a C3a 1.73(1) C4bl C5bl 1.49(4)
S4a C5a 1.79(1) C4b2 C5b2 1.51(4)
S3bl C2b 1.64(3) C4bl HlC4bl 0.96(4)
S3bl C4bl 1.81(4) C4bl H2C4bl 0.95(4)
C4a HlC4a 0.95(1) C4b2 HlC4b2 0.95(5)
C4a H2C4a 0.95(2) C4b2 H2C4b2 1.04(5)
C5a HlC5a 0.95(1) C5bl HlC5bl 0.94(4)
C5a H2C5a 0.95(1) C5bl H2C5bl 0.96(4)
C5b2 HlC5b2 0.95(5) C5b2 H2C5b2 0.95(6)
Numbers in parentheses are estimated standard 
deviations in the least significant digits.
TABLE II-7: Bond Angles in Degrees
(BEDT-TTF)2AuBr2
Atom Atom Atom
1 2 3
Cla Sla C2a
Clb Sib C2b
Cla S2a C3a
C2a S3a C4a
C2b S3bl C4bl
C2b S3b2 C4b2
C3a S4a C5a
C3b S4bl CSbl
C3b S4b2 C5b2
Sla Cla S2a
Sib Clb S2b
Sla Cla Clb
Sib Clb Cla
S2a Cla Clb
S2b Clb Cla
Sla C2a S3a
Sib C2b S3bl
Sib C2b S3b2
Sla C2a C3a
Sib C2b C3b
S3a C2a C3a
S3bl C2b C3b
S3b2 C3b C3b
S2a C3a C2a
S2b C3b C2b
S2a C3a S4a
S2b C3b S4bl
S2b C3b S4b2
S4a C3a C2a
S4bl C3b C2b
S4b2 C3b C2b
Angle Atom Atom Atom Angle
1 2 3
S3a C4a C5a 115.7(7)
S3bl C4bl CSbl 114. 2]
S3b2 C4b2 C5b2 114. 3
S4bl CSbl C4bl 114. 2
S4b2 C5b2 C4b2 114. 3
S3a C4a HlC4a 108. 1
S3a C4a H2C4a 107.9(9)
108.(1)C5a C4a HlC4a
C5a C4a H2C4a 108.1 1)
HlC4a C4a H2C4a 109.1 1)
S4a C5a HlC5a 108.(>(<>)
S4a C5a H2C5a 109. 1
C4a C5a HlCSa 109. 1
C4a C5a H2C5a 109. 1
HlCSa C5a H2C5a 109. 1
S3bl C4bl HlC4bl 108. 3
S3bl C4bl H2C4bl 109. 2
C5bl C4bl HlC4bl 109. 3
CSbl C4bl H2C4bl 108. 3
HlC4bl C4bl H2C4bl 109. 3
S4bl CSbl HlCSbl 109. 3
S4bl C5bl H2C5bl 109. 3
C4bl CSbl HlCSbl 109. ,3
C4bl CSbl H2C5bl 107. 3
HlC5bl CSbl H2C5bl 109. 3
C5b2 C4b2 HlC4b2 106. 3
C5b2 C4b2 H2C4b2 102. 4
HlC4b2 C4b2 H2C4b2 103. 4
C4b2 C5b2 HlC5b2 108. 3
C4b2 C5b2 H2C5b2 111. 3
HlC5b2 C5b2 H2C5b2 109. 6
95.01
95.11
95.11 
102.61 
106.
101.12 '
98.8(5) 
99.
101 ,
115,
114.8(5: 
122.21 7
6
7
6
4
122 ,
122 
122 
113 
115,
116 
118, , 
116.8 7 
128.2(6 
128. ‘ 
127,
115, 
117.0(8; 
115.7(5 
1 1 5 , )
• i n. 1(6
.
.
•(!}
M .
116 ( 
128!l128.(1) 127.(1)8)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
TABLE II-8: Torsion Angles in Degrees
(BEDT-TTF J^AuB^
Atom
1
Atom
2
Atom
3
Atom
4
Angle Atom
1
Atom
2
Atom
3
Atom
4
Angle
C2a Sla Cla S2a -9.14 0.59] C2a Sla Cla Clb 171.30 0.81
Cla Sla C2a S3a -172.29 0.51 Cla Sla C2a C3a 5.03 i 0.81
C2b Sib Clb S2b 6.51 0.62 C2b Sib Clb Cla -176.18 i 0.84
Clb Sib C2b S3bl -177.80 1.22 Clb Sib C2b S3b2 171.77 i 1.44
Clb Sib C2b C3b -4.42 0.84 C3a S2a Cla Sla 9.42 i 0.61
C3a S2a Cla Clb -171.02 0.83 Cla S2a C3a S4a 173.92 0.58
Cla S2a C3a C2a -6.11 0.83 C3b S2b Clb Sib -6.20 i 0.61
C3b S2b Clb Cla 176.48 0.82 Clb S2b C3b S4bl 178.97 i 1.11
Clb S2b C3b S4b2 -177.90 1.56 Clb S2b C3b C2b 3.25 0.83
C4a S3a C2a Sla -178.87 0.52 C4a S3a C2a C3a 4.14 1.00
C2a S3a C4a C5a 31.00 0.92 C5a S4a C3a S2a 154.16 0.59
C5a S4a C3a C2a -25.81 1.03 C3a S4a C5a C4a 59.21 0.82
C4bl S3bl C2b Sib -178.78 1.26 C4bl S3bl C2b C3b 8.73 2.39
C2b S3bl C4bl CSbl -41.50 2.69 C4b2 S3b2 C2b Sib 145.16 1.39
C4b2 S3b2 C2b C3b -39.11 2.35 C2b S3b2 C4b2 C5b2 68.52 2.82
C5bl S4bl C3b S2b -155.96 1.26 CSbl S4bl C3b C2b 19.17 2.19
C3b S4bl C5bl C4bl -51.08 2.47 i C5b2 S4b2 C3b S2b -170.99 1.66
C5b2 S4b2 C3b C2b 7.73 3.04 i C3b S4b2 C5b2 C4b2 22.08 3.77
Sla Cla Clb Sib -0.87 1.20 i Sla Cla Clb S2b 176.23 0.52
S2a Cla Clb Sib 179.60 0.52 i S2a Cla Clb S2b -3.29 1.20
Sla C2a C3a S2a 0.72 1.03 i Sla C2a C3a S4a -179.31 0.59
S3a C2a C3a S2a 177.60 0.53 i S3a C2a C3a S4a -2.44 1.42
Sib C2b C3b S2b 0.83 1.05 Sib C2b C3b S4bl -174.20 1.26
Sib C2b C3b S4b2 -177.87 1.71 S3bl C2b C3b S2b 173.20 1.39
S3bl C2b C3b S4bl -1.84 2.22 S3b2 C2b C3b S2b -174.86 1.62
S3b2 C2b C3b S4b2 6.43 2.61 S3a C4a C5a S4a -66.74 0.95
S3bl C4bl CSbl S4bl 67.05 2.86 S3b2 C4b2 C5b2 S4b2 -67.06 3.41
Numbers in parentheses are estimated standard deviations.
Table II-9: Bond Lengths of (BEDT-TTF)+p
Averaged by Assuming D2h Symmetry
Formal Charge (p) 
p (compound) Cl-Cl
Bond
Cl-Sl
Length (A) 
S1-C2 C2-C3
present work:
1/2 (BEDT-TTF)2 AuBr2 1.36(1) 1.740(9) 1.746(9) 1.335(10)
0 neutral molecule 1.31 1.757 1.754 1.332
1/2 a-(BEDT-TTF)2 PFg 1.365 1.740 1.750 1.345
2/3 (BEDT-TTF )3 (ClC>4 )2 1.366 1.731 1.743 1.345
1 (BEDT-TTF)Re04 (THF)Q 5 1.38 1.72 1.73 1.37
46
54b
S3b C5b
FIGURE II-2.1: Evidence for Positional Disorder in One
Ethylene Group of BEDT-TTF
C4bl
C5b2 S4bl
S3b2
S4b2
S3bl
C4B2
FIGURE II-2.2: Modelling of Positional Disorder in
BEDT-TTF With Atoms of Partial Occupancy
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IDEALIZED 
CRYSTAL 
STRUCTURE
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FIGURE II-3: "Idealized" Structure, For Conceptual
Purposes Only
DISTORTIONS OF 
REAL CRYSTAL 
FROM IDEAL
FIGURE
1. Compression along S:
X = 3.682 
Y = 4.114
M
t
S
I*
Y
2. Zig-zag from S along M 
X = +/- 0.507
-► M
▼
S
b*
II-4: Distortions of Real (BEDT-TTFjj AuBr 2
Structure From "Idealized" Structure
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3. Rotation about R*
pi«b angi. = »*
4. Rotation a b o » .S :j  i s  M
yaw anftte "
FIGURE
H - 4 , cont
'd:
50
5. Rotation about M:
roll angle = +/- 5.88
roll
S
FIGURE II-4, cont'd: Distortions of Real
(BEDT-TTF)2 AuBr2 Structure
iFIGURE I1-5: {BEDT-TTF)2 AuBr2 Unit Cell, View Down Ribbon Axis
FIGURE II-6: (BEDT-TTF)2 AuBr 2  Unit Cell, View Down Stack Axis
FIGURE II-7: (BEDT-TTF)j A u B ^  Unit Cell, View Down Molecular Axis
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FIGURE
FIGURE
8.1: Close I nterstack S u l f u r - S u l f u r  C o n t a c t s  In
( B E D T - T T F )2 A u B r 2
m| m
,S3a
S2 b
S3bS4b
8.2: Close I n t r a s t a c k  S u l f u r - S u l f u r  C o n t a c t s  In
( B E D T - T T F ) 2 A U B r 2
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TABLE 11-10: Close Contacts Between Hydrogen Atoms of 
BEDT-TTF and Bromine Atoms of the Anion
Symmetry H---Br
c H Code Distance, A
C4a HlC4a AB 3.42
H2C4a AC 3. 38
AA 3.24
C5a HlCSa AC 3.31
H2C5a AD 3.08
AC 3.39
C4bl HlC4bl A 2.97
C5bl HlCSbl AE 3.14
C4b2 H2C4b2 A 2.91
C5b2 H2C5b2 AE 3.19
Symmetry Codes:
symmetry unit cell
operation translation
AA x, y, z 0, 0, 1
AB -x,-y,-z 0, 1, 1
AC -x,-y,-z 1, 1, 1
AD x, y, z 0,-1, 1
A x,-y, z+0.5 0, 0, 0
AE x f-y, z+0.5 0, 1, 0
FIGURE II-9: Anion-Hydrogen Interactions in (BEDT-TTF)2 AuBr2
FIGURE 11-10: BEDT-TTF "Sheet Network" in (BEDT-TTF)0 AuBr
CHAPTER III 
The Crystal Structures of 
/u-Amido-ju-Hydroxo-Bis-[Bis-{Ethylenediamine) Cobalt( III) ] 
Tetrathiocyanate Monohydrate 
And
/t/-Amido-//-Pe roxo-Bis-[ Bis-{ Ethylenediamine ) Cobalt(III) ]
Trithiocyanate Monohydrate
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INTRODUCTION
Oxygen transport in biological systems has for some 
time been a subject of considerable interest in the 
scientific community. Revealing the character of 
reversible oxygen bonding with biological molecules such 
as hemoglobin and myoglobin has been an elusive task 
because of the size and complexity of these molecules. 
Consequently, metal complexes which react reversibly with 
molecular oxygen have been investigated for potential 
utility as models for natural oxygen transport systems. 
Among these model compounds are the peroxo-, hydroperoxo-, 
hydroxo-, and superoxo-bridged binuclear complexes of 
cobalt.
3 0As early as 1910, Alfred Werner described the
syntheses and chemical properties of many bridged
di-cobalt complexes. Cobalt(III) usually forms octahedral
complexes, and has a particular affinity for nitrogen 
31donors. Consequently, many of its complexes support
ligands such as ammonia , cyano groups, and amines such as
32ethylenediamine. Ligands which may function as bridges
between two cobalt(III) atoms include NI^ , OH , O 2  ,
2- - 31O 2  , and O 2 H , among others.
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Two doubly-bridged complexes of cobalt(III) have been
structurally characterized and are reported herein. This
work was undertaken in conjunction with spectroscopic
studies by Dr. Ronald Musselman of Franklin and Marshall
College, Lancaster, PA. The first is the compound
/t/-amido-A/-hydroxo-bis- [ bi s- ( ethylene diamine ) cobal t (III)]
tetrathiocyanate monohydrate. Comparison of its
structure is made with the corresponding tetranitrate
structure determined in 1971 by Ulf Thewalt and Richard
M a r s h . ^  The second presented structure was determined at
3 4room temperature in 1972 by Ulf Thewalt. A low- 
temperature re-determination (115 K) was made in order 
to observe whether disorder present in the compound at 
room temperature would resolve upon cooling. Comparison 
is made of the low-temperature structural data for the 
compound, //-amido-/y-peroxo-bis-[ bis-(ethylenediamine ) 
cobalt(III)] trithiocyanate monohydrate, with that 
previously obtained at room temperature, and the previous 
and remaining disorder is discussed herein.
SECTION III.A
*/”Amido-je/-Hydroxo-Bis-[Bis-( Ethylenediamine ) Cobaltt III) ]
Tetrathiocyanate Monohydrate
6 1
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EXPERIMENTAL
Thin, red, plate-like crystals of the compound 
/v-amido-ju-hydroxo-bis-[ bis-{ ethylenediamine ) cobalt(HI) ) 
tetrathiocyanate monohydrate were provided by Dr. 
Musselman. A sample of approximate dimensions 0.08 x 0.25 
x 0.50 mm was mounted with silicone grease onto a glass 
fiber and placed onto the goniometer head of an Enraf- 
Nonius CAD4 automated diffractometer. Initially, a 
stream of cold nitrogen gas (temperature approximately 
115 K) was directed onto the sample. Program SEARCH*^ was 
used to find twenty-five reflections, which were indexed 
via INDEX,^  and an approximate unit cell determined.
After a temperature controller malfunction, remeasurement 
of the twenty-five reflections showed that seven of them 
were classified as "weak", and that there were large 
deviations from the previous index values. After 
recentering the crystal manually, program SEARCH was 
again employed to find another set of reflections.
Although several of these reflections did not index well, 
a high angle scan was made (9 between 15.5° and 16°), 
and twenty-five strong reflections were selected for 
careful centering, followed by least squares analysis, in 
an attempt to improve the quality of the unit cell 
measurements and index values. Further difficulties led 
to the conclusion that an apparent phase change in the
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crystal brought on by cooling had damaged it, and the 
sample was abandoned.
A second crystal was mounted with epoxy glue onto the 
tip of a glass fiber and then onto the diffractometer. No 
cooling of the sample was attempted; all measurements were 
made at ambient temperature of about 296 K. Program 
SEARCH was successful in finding twenty-five reflections 
which indexed well, and an approximate unit cell was 
calculated. After centering of the twenty-five high angle 
reflections found from the previous crystal, followed by 
least squares analysis, accurate cell parameters were 
determined, and are shown in table III.A-1.
As required in the monoclinic system indicated by 
unit cell values and Laue symmetry, one fourth of the 
reflection sphere was selected for collection, with 
0<h<19, 0<k<10, and -23<1<23. Orientation control was 
maintained throughout data collection by periodic 
remeasurement of standard reflections (-5 1 14) and 
(-9 1 6). Intensities of reflections (2 0 0), (0 2 0),
(0 0 2) were checked periodically for possible correction 
of crystal decay. Collection of intensity data was made 
with Mo Ka radiation and a graphite monochromator, for all 
0 values between 1° and 25°, providing the total 
number of reflections noted in table III.A-1, with the 
"observed” subset, those for which I > 3cr(I), also noted. 
Upon completion of data collection, intensities of
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reflections near x angle 90° [ { 0 2 0 ) ,  ( 0 4 0 ) ,  and 
(0 -2 0)] were measured at ^ increments of 10°, in order 
to provide data for empirical absorption corrections. 
Finally, corrections for Lorentz and polarization factors 
were made, and a set of structure factors was produced.
Reflections were sorted into parity groups based on
17their index values by program CLASSIFY. Those hOl 
reflections with h odd were not observed, indicating the 
presence of a glide plane perpendicular to the c axis with 
translation along a. Absences of the hOO reflections for 
h odd and the OkO reflections for k odd revealed two 
two-fold screw axes, coincident with the a and b axes, 
respectively. These systematic extinctions identified the 
space group unequivically as P2^/a, a non-standard setting 
of P21/c.18
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TABLE III.A-1: Crystal Data
[ (en)2Co-/y(NH2 ,0H) • Co { en ) 2 ] { SCN) 4 * H20
Formula
Formula Weight 
Crystal System 
Space Group 
Z
_ 3
Dc (g cm )
a (A)
b (A)
c (A)
P (°)
V (A3 )
X, Mo ka (A)
Theta range (0 )
Measured reflections
Observed reflections, NO 
(I > 3cr(I ) )
Number of Variables, NV
R
[2(|FO—FC|) / 2|Fo|]
2 2 U[2 w( |Fo j- 1Fc| / 2 w|Fo| ]
w = 1 / ( cr2 ( F ) + | g | F2 ) 
g « 0.0500
Goodness-of-fit 7 ,
[2 w{ |Fo| — j Fc| ) / (NO-NV)]
Co 2S4°2N13C12H 37
641.64
Monoclinic
P2l/a
4
1. 573
16.732(4)
8.698(4)
19.551(3)
107.79(1)
2709(1)
0.71703
1 - 2 5
4957
2573
299
0.0485
0.0569
1.437
6 6
SOLUTION OF THE STRUCTURE
Since the asymmetric unit of ^-amido-/u-hydroxo-bis-
[bis-(ethylenediamine) cobalt(III)] tetrathiocyanate
monohydrate contains two cobalt atoms, the structure was
3 16solved by employing the heavy atom method. ' The 
positions of both cobalt atoms were determined from a 
Patterson map, after which the four sulfur atoms were 
located from a difference Fourier map. Three cycles of 
full matrix least squares analysis including the six known 
atom positions brought the discrepancy factor, R, down to 
0.1394. All non-hydrogen atoms in the ethylenediamine 
groups were then located from successive difference 
Fourier maps by comparison of peak distances and angles 
with geometries of similar published structures. Atoms at 
the bridging positions were also located by difference 
map, but the initial assignment of nitrogen to one peak 
and oxygen to the other was arbitrary.
Initially, all atoms in the trial structure were 
refined with isotropic thermal parameters, and unit 
weights were used for all data. After several cycles of 
least squares analysis, the R factor dropped to 0.0768.
At this stage, the model was modified to include 
anisotropic thermal motion of atoms and a non-Poisson 
weighting function was applied to the data. Several more
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least squares cycles brought the R value down to 0.0531.
At this point in model refinement, an attempt was 
made to locate hydrogen atoms from a difference Fourier 
map. Positions of the hydrogens on bridging atoms were 
located, and confirmed that the arbitrary choice of atom 
assignment to bridging positions was, in fact, correct, 
because two areas of electron density corresponding to 
hydrogen atoms were seen near the nitrogen, with one 
electron density peak near the bridging oxygen. No 
position assignments could be made for hydrogens on the 
ethylenediamine groups. Since hydrogen atoms contribute 
negligible scattering power to high-angle reflections, a 
further search for these hydrogen atoms was made by 
truncation of the data to include only low 0 angle 
reflections. All of the reflections having sin(0)/X 
greater than 0.4 were temporarily deleted, leaving 1470 
remaining low-angle reflections. A difference Fourier map 
based on the truncated data set revealed only five of the
thirty-two ethylenediamine hydrogens, so the program
16HYDRO was employed to calculate positions for all 
thirty-two atoms assuming idealised sp^ geometry.
Isotropic thermal parameters for the calculated hydrogens 
were estimated by multiplying the equivalent isotropic 
parameter of the corresponding carbon or nitrogen atom by 
a factor of 1.3. These calculated hydrogens were forced 
to "ride" on their bonding atoms at distances of 0.95 A.
6 8
Following least squares refinement, the final values
of R=0.0497 and wR=0.0507 were obtained, for 2573 observed
reflections and 299 variables. The "goodness-of-fit"
parameter, defined in table III.A-1, was 1.437, and a
final difference Fourier map yielded peak intensities of 
— 30.778 e /A or less. Atomic positions for the final model 
are listed in table ili.A-2, with their anisotropic 
thermal parameters found in table III.A-3. Comparison of 
calculated and observed structure factors is made in table 
III.A-4.
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Table III.A-2: Positional Parameters and Their
Estimated Standard Deviations 
[ ( e n ) 2Co ■ fj < NH 2  , OH ) • Co ( en ) 2  ] ( SCN) 4  • H20
Atom X y z B(A2 )
Col 0.82050(5) 0.0430(1) 0.32933(5) 1.89(2)
Cola 0.81586(5) 0.0066(1) 0.17880(5) 2 .0 0 (2 )
S 6 0.8028 1 ) 0 .0 1 1 1 (2 ) 0.8293 1 ) 3.70(5)
S7 0.4064 1 ) -0.0181(3) 0.1262 1 ) 4.32(5)
S 8 0.8803 1 ) 0.1763(3) 0.6822 1 ) 4.04(5)
S9 0.5722 2 ) 0.0349(3) 0.4166 2 ) 6.06(7)
0 1 0.8537 3) 0.1494(5) 0.2558 2 ) 2.4(1)
0 2 0.4054 3 ) -0.1105(6) 0.2912 3) 4.4(1)
N1 0.7758 3) -0.0970(6) 0.2501 3 ) 2 .0 (1 )
N2 0.9227 3) -0.0819(7) 0.3652 3) 2.5(1)
N2a 0.9245 3) -0.1008(7) 0.2028 3) 2 .8 (1 )
N3 0.7212 3) 0.1760(7 ) 0.3056 3) 2 .6 (1 )
N3a 0.7083 3) 0.1136(7) 0.1408 3) 2.7(1)
N4 0.8715 3 ) 0.2014(6) 0.4027 3) 2 .6 (1 )
N4a 0.7659 3) -0 .1440( 6  ) 0.1027 3) 2 .8 (1 )
N5 0.7793 3) -0.0767(7) 0.3962 3) 2 .6 (1 )
N5a 0.8637 4) 0.1320(7) 0.1152 3) 3.3(1)
N 6 0.8106 5) -0.0393(9) 0.9716 4 ) 5.3(2)
N7 0.5777 4) 0.0003(9) 0.1985 4) 5.1(2)
N 8 0.8509 5) 0.0934(9) 0.5389 4) 5.1(2)
N9 0.5223 5) 0.2890(9) 0.3309 5) 6.9(3)
C2 0.9230 4) -0.1587(9) 0.4331 4 ) 3.0(2)
C2a 0.9652 4) -0.0722(9) 0.1463 4) 3.3(2)
C3 0.7293 4) 0.2884(9) 0.3646 4) 3.5(2)
C3a 0.6648 5) 0.0613(9) 0.0680 4) 3.6(2)
C4 0.8170 4 ) 0.3433(8) 0.3880 4) 3.4(2)
C4a 0.6748 4) -0.1117(8) 0.0699 4) 3.3(2)
C5 0.8341 4) - 0 .2 1 0 2 (8 ) 0.4227 4) 3.3(2)
C5a 0.9543 5) 0.099(1) 0.1313 4) 4.0(2)
C 6 0.8086 4) -0.0187(9) 0.9142 4) 3.3(2)
C7 0.5076 4) -0.0062(9) 0.1684 4) 3.2(2)
C 8 0.8629 4) 0.1270(8) 0.5975 4) 3.1(2)
C9 0.5420 4) 0.1829(9) 0.3666 5) 3.9(2)
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TABLE III.A-2, cont'd: Positional Parameters and Their
Estimated Standard Deviations
Atom X y z B( A 2 )
HlOl 0.883 0.250. 0.258 3.1*
H1N1 0.715 - 0 . 1 0 2 0.236 2.5*
H2N1 0.801 -0.198 0.262 2.5*
H1N2 0.971 -0.017 0.374 3.9*
H2N2 0.924 -0.157 0.330 3.9*
HlN2a 0.916 -0.208 0.206 3.9*
H2N2a 0.960 -0.064 0.247 3.9*
H1N3 0.672 0.115 0.299 3.9*
H2N3 0.717 0.230 0.263 3.9*
HlN3a 0 .718 0 . 2 2 1 0.140 3.9*
H2N3a 0.674 0.094 0.171 3.9*
H1N4 0.925 0.228 0.400 3.9*
H2N4 0.877 0.164 0.449 3.9*
HlN4a 0.773 -0 .244 0.123 3.9*
H2N4a 0.793 -0.138 0.067 3.9*
H1N5 0.724 - 0 . 1 1 2 0.372 3.9*
H2N5 0.778 -0.013 0.436 3.9*
HlN5a 0.856 0.238 0.123 3.9*
H2N5a 0.835 0.107 0.066 3.9*
H1C2 0.941 -0.089 0.472 3.9*
H2C2 0.959 -0.245 0.442 3.9*
HlC2a 1.023 -0.099 0.163 3.9*
H2C2a 0.938 -0.130 0.104 3.9*
H1C3 0.692 0.372 0.348 3.9*
H2C3 0.716 0.239 0.403 3.9*
HlC3a 0.607 0.089 0.055 3.9*
H2C3a 0.690 0.104 0.035 3.9*
H1C4 0.828 0.403 0.351 3.9*
H2C4 0.827 0.404 0.430 3.9*
HlC4a 0.655 -0.153 0.023 3.9*
H2C4a 0.644 -0.155 0.099 3.9*
HlC5 0.828 -0.244 0.467 3.9*
H2C5 0.820 -0.292 0.389 3.9*
HlC5a 0.972 0.125 0.091 3.9*
H2C5a 0 .986 0.157 0.172 3 .9*
* Starred atoms were refined isotropically.
The equivalent isotropic thermal parameter, for atoms 
refined anisotropically, is defined by the equation:
(4/3) [ a^B 1 1  + b 2 B 2 2  + c 2 B 3 3  +
a b B 3 2 c o s y  + a c B 13c o s $  + b c B 2 3 c o s a  ]
TABLE III.A-3: Anisotropic Thermal Parameters - U's
[ (en)2 Co*A/(NH2 ,OH) • Co(en) 2  ] ( SCN) 4  -I^O
Atom U U U 2 2 U33 U 1 2 U13 U23
Col 0.0245(4) 0.0252(4) 0.0209(4) -0.0014(4) 0.0052(3) -0.0010(4)
Cola 0.0334(4) 0.0200(4) 0.0212(4) -0.0017(4) 0.0060(3) 0.0009(4)
S 6 0.063(1) 0.041(1) 0.041(1) -0.0037(9) 0 .0 2 2 2 (8 ) - 0  .0 0 0 (1 )
S7 0.044(1) 0.042(1) 0.064(1) -0.005(1) -0.005(1) 0.007(1)
S 8 0.056(1) 0.059(1) 0.032(1) 0.014(1) 0.0052(9) -0.007(1)
S9 0.081(2) 0.071(2) 0.070(2) -0.017(1) 0.009(1) 0 .0 0 0 (1 )
0 1 0.042(2) 0.027(2) 0 .0 2 2 (2 ) -0.008(2) 0 .0 1 2 (2 ) -0.003(2)
0 2 0 .070(3) 0.042(3) 0.057(3) -0.009(3) 0.023(3) -0.002(3)
Nl 0.030(3) 0.021(3) 0.025(3) - 0 .0 0 1 (2 ) 0.007(2) 0 .0 0 2 (2 )
N2 0.031(3) 0.034(3) 0.028(3) 0 .0 0 2 (2 ) 0.007(2) -0.001(3)
N 2 a 0.039(3) 0.039(3) 0.031(3) 0.000(3) 0.015(2) 0.005(3)
N3 0.035(3) 0.032(3) 0.030(3) 0.003(3) 0.006(2) -0.002(3)
N3a 0.045(3) 0.026(3) 0.025(3) 0.001(3) 0.001(3) 0.004(3)
N4 0.036(3) 0.035(3) 0.027(3) -0.005(3) 0.009(2) -0.005(3)
N4a 0.047(3) 0.025(3) 0.031(3) -0.003(3) 0.009(3) -0.002(3)
N5 0.039(3) 0.037(3) 0.022(3) -0.004(3) 0.009(2) 0.001(3)
N5a 0.063(4) 0.033(3) 0.030(3) -0.008(3) 0.015(3) -0.000(3)
N 6 0.087(5) 0.077(5) 0.036(4) 0.008(4) 0.019(3) 0.002(4)
N7 0.033(3) 0.076(5) 0.078(5) -0.005(4) 0.009(3) 0.009(5)
N 8 0.093(5) 0.064(5) 0.042(4) 0.002(4) 0.029(3) - 0 .0 0 1 (4)
N9 0.055(4) 0.065(5) 0.137(8) 0.007(4) 0.020(5) 0.019(5)
TABLE III.A-3, cont'd: Anisotropic Thermal Parameters - U's
Atom
U 1 1 U 2 2 U 33 U 1 2 U13 U23
C2 0.042(4) 0.044(4) 0.023(4) 0.007(3) 0.005(3) 0.010(4)
C2a 0.041(3) 0.048(5) 0.047(4) -0.002(3) 0.028(3) -0.003(4)
C3 0.044(4) 0.037(4) 0.050(5) 0.010(3) 0.0.13(3) -0.006(4)
C3a 0.048(4) 0.045(4) 0.027(4) 0.011(4) -0.011(4) -0.004(4)
C4 0.055(4) 0.026(4) 0.048(5) 0.003(3) 0.017(3) -0.003(4)
C4a 0.047(4) 0.039(4) 0.035(4) -0.007(4) 0.004(3) -0.002(4)
C5 0.050(4) 0.036(4) 0.037(4) 0.005(3) 0.012(3) 0.008(4)
C5a 0.056(4) 0.054(5) 0.048(5) -0.012(4) 0.025(3) 0.002(4)
C 6 0.050(4) 0.036(4) 0.042(4) -0.001(4) 0 .016(3) -0.006(4)
Cl 0.053(4) 0.040(4) 0.037(4) 0.000(4) 0.023(3) 0.003(4)
C 8 0.043(4) 0.032(4) 0.046(4) 0.004(3) 0.017(3) 0.004(4)
C9 0.040(4) 0.037(4) 0.076(5) 0.000(3) 0.025(3) -0.016(4)
The form of the anisotropic temperature factor is:
exp [ - 2  & 2 { h V 2uu + k2b*2u22 2  *2 + 1 C U 3 3 +
“ft ft 'ft x
2  ( hka b + hla c + klb*c*U23 ))]
- j
to
TABLE I I I « A - 4 :  o b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s ,
V a l u e s  o f  10*Fobs  a n d  1 0 * F c a l c  
[ ( e n ) 2C o ^ ( N H 2 f OH) - C o ( e n ) 2 J (S C H J^ Hj O
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
0 0 1 39G 36G 3 2 0 5 986 895 10
0 0 2 2076 2027 21 2 0 6 965 904 10
0 0 4 3385 3390 21 2 0 8 445 467 10
0 0 6 1149 1143 19 2 0 9 702 714 9
0 0 7 598 775 20 2 0 10 220 214 19
0 0 8 1344 1366 39 2 0 11 341 336 14
0 0 12 1132 1132 17 2 0 12 194 224 24
0 0 14 12 G 0 1241 13 2 0 14 339 365 18
0 0 1G 529 536 15 2 0 15 475 488 IS
0 0 20 G 55 622 15 2 0 19 586 577 15
0 0 22 223 220 34 4 0-■22 221 228 31
2 0-■20 689 682 14 4 0-■19 360 343 18
2 0-■18 560 508 13 4 0-■15 1174 1211 11
2 0--IS 498 534 15 4 0-■14 408 462 15
2 0--14 1736 1741 16 4 0-■13 1653 1754 16
2 0-•12 1536 1555 15 4 0-■12 324 346 15
2 0--11 329 389 14 4 0 -1 1 173 164 19
2 0--10 227 229 15 4 0 -9 1582 1583 13
2 0 -8 711 747 7 4 0 -8 253 242 12
2 0 - 7 992 987 10 4 0 - 7 175 200 14
2 0 - 5 1150 1158 10 4 0 -6 1291 1251 11
2 0 -4 690 711 7 4 0 - 5 152 145 15
2 0 - 2 232 261 6 4 0 -4 674 638 7
2 0 - 1 2208 2216 6 4 0 - 3 1041 1050 9
2 0 0 2052 2155 6 4 0 - 2 2199 2230 3
2 0 1 1079 1026 7 4 0 - 1 1195 1253 8
2 0 2 642 662 7 4 0 0 1171 1174 9
2 0 3 664 605 6 4 0 1 135 150 15
2 0 4 393 373 8 4 0 2 1738 1731 10
K K L Fobs F c a l c S ig F H K L Fobs F c a l c S i gF
4 0 3 249 229 10 6 0 - 3 406 405 7
4 0 4 431 399 8 6 0 - 2 310 259 8
4 0 5 821 814 8 6 0 - 1 178 179 13
4 0 6 401 389 10 6 0 0 848 835 8
4 0 7 828 838 9 6 0 1 605 604 6
4 0 8 638 638 9 6 0 2 668 709 7
4 0 9 494 479 11 6 0 3 158 139 17
4 0 10 513 521 12 6 0 5 210 251 16
4 0 11 953 965 10 6 0 6 1250 1208 13
4 0 13 1045 1093 10 6 0 7 193 168 21
4 0 14 688 698 13 6 0 8 1417 1360 15
4 0 16 286 271 22 6 0 9 673 675 11
4 0 19 307 380 24 6 0 10 254 261 20
4 0 20 387 412 22 6 0 12 798 821 12
6 O'-21 263 262 25 6 0 13 581 557 14
6 0 -20 326 353 21 6 0 14 769 765 12
6 0--19 484 515 15 6 0 16 215 225 23
6 O'-18 614 640 13 6 0 18 337 313 20
6 0 -16 429 453 14 8 0 -20 671 704 14
6 0--15 803 818 10 8 0 -19 239 288 25
6 a -14 825 857 10 8 0 -14 305 306 16
6 O'-13 361 414 15 8 0--12 677 683 9
6 0 -12 1577 1592 16 8 0 -9 465 472 9
6 0--11 493 489 10 8 0 -8 911 924 9
6 0 -10 822 829 8 8 0 - 7 302 278 11
6 0 -8 629 642 7 S 0 - 6 1073 1083 11
6 0 - 7 1139 1157 11 8 0 - 5 477 484 8
6 0 -6 1385 1364 11 8 0 - 4 808 798 8
6 0 - 5 228 255 10 8 0 - 3 866 860 9
W
TABLE lXX*A-4, cont'd*: observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF K
8 0 - 2 489 506 7 10 0 - 7 1734 1702 14 12
8 0 - 1 526 522 7 10 0 - 6 1072 1022 10 12
8 0 0 1843 1824 12 10 0 - 5 1287 1275 13 12
a 0 2 238 261 14 10 0 -3 732 739 8 12
8 0 3 153 117 20 10 0 -2 1382 1337 14 14
8 0 4 334 336 11 10 0 -1 1605 1565 14 14
8 0 5 1137 1093 12 10 0 0 810 823 9 14
8 0 6 861 859 9 10 0 1 713 681 8 14
8 0 7 796 761 9 10 0 4 657 654 9 14
8 0 8 1010 1001 11 10 0 5 1140 1119 11 14
8 0 10 289 288 19 10 0 6 877 844 10 14
8 0 11 630 584 12 10 0 7 972 949 10 14
8 0 12 586 555 13 10 0 13 357 312 19 14
8 0 13 677 661 13 10 0 14 225 202 29 14
8 0 15 195 76 27 10 0 15 386 335 18 14
10 0 -2 2 279 301 24 12 0--21 577 581 15 14
10 0 - 21 466 475 17 12 0--19 289 278 20 14
10 0 - 20 558 578 15 12 0--15 355 319 16 14
10 0 -1 9 242 243 25 12 0--14 413 416 14 14
10 0 -1 8 182 143 27 12 0--13 601 581 11 14
10 0 -1 7 188 215 26 12 0--11 222 211 20 14
10 0 -16 182 185 27 12 0 - 9 660 663 10 14
10 0 -15 800 798 11 12 0 -8 431 415 11 14
10 0 -14 448 451 13 12 0 - 7 994 998 10 14
10 0 -13 393 393 14 12 0 - 5 745 735 8 16
10 0 -12 465 453 11 12 0 -2 247 241 16 16
10 0 -10 363 372 12 12 0 -1 528 543 10 16
10 0 -9 699 708 8 12 0 0 335 354 13 16
10 0 -8 1214 1177 12 12 0 1 467 495 11 16
K X. Fobs F c a l c S igF H K L Fobs F c a l c S igF
0 2 200 177 21 16 0 - 9 215 211 23
0 4 222 211 20 16 0 - 8 608 570 12
0 5 497 506 13 16 0 - 6 498 425 12
0 7 366 337 16 16 0 - 4 290 270 17
0 -20 409 434 18 16 0 - 2 176 156 26
0 -19 261 276 25 16 0 - 1 269 251 19
0 -14 261 234 20 16 0 0 338 350 17
0 -1 2 418 388 13 16 0 1 387 371 15
0 - 9 306 272 16 16 0 2 236 220 23
0 - 8 491 466 12 16 0 5 418 404 18
0 - 7 408 388 13 16 0 6 505 443 16
0 - 6 682 632 10 16 0 7 366 337 20
0 - 5 363 339 13 18 0 -1 5 269 272 23
0 - 4 176 201 23 18 0 -1 3 268 249 22
0 - 3 344 305 14 18 0 -1 2 205 165 27
0 - 2 272 235 17 18 0 - 9 312 275 19
0 - 1 333 342 15 18 0 - 8 249 195 22
0 0 444 433 12 18 0 - 7 481 414 15
0 2 371 325 14 18 0 -6 342 293 17
0 4 358 342 16 18 0 -3 329 316 18
0 5 281 227 20 18 0 - 1 426 387 16
0 6 958 881 11 0 1 1 208 256 17
0 8 437 386 16 0 1 2 238 248 21
0 10 278 284 24 0 1 3 139 120 18
0 -18 418 410 17 0 1 4 436 419 28
0 -14 702 649 12 0 1 5 773 752 34
0 -13 374 359 17 0 1 6 347 368 12
0 -12 502 488 14 0 1 7 293 308 13
0 -10 366 317 15 0 1 9 498 511 22
’-J
TABLE XXX*A—4 , c o n t ' d . :  O b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a l u e s  o f  10*Fobs  and  1 0 * F c a l c
K L Fobs Fca l c S ig F H K L Fobs F c a l c S ig F H
1-19 333 301 22 2 1 -1 5 384 397 19 3
1 -1 7 322 298 21 2 1 -14 770 779 11 3
1 -1 5 456 497 16 2 1 -1 3 393 392 15 3
1 -1 3 634 656 12 2 1 -12 422 453 13 3
1 -12 201 277 27 2 1 -11 383 412 13 3
1 -11 965 949 9 2 1 -9 168 144 20 3
1 -10 372 406 13 2 1 -8 167 151 19 3
1 -9 916 907 9 2 1 - 7 540 523 8 3
1 - 7 835 868 9 2 1 -6 230 214 13 3
1 -6 567 571 8 2 1 -4 315 278 8 3
1 - 5 480 450 8 2 1 -3 724 705 7 3
1 - 3 212 212 11 2 1 -1 454 486 5 3
1 -2 393 381 6 2 1 0 358 400 5 3
1 -1 2354 2235 6 2 1 1 174 211 10 3
1 0 967 1055 7 2 1 2 345 371 7 3
1 1 1677 1823 7 2 1 5 714 714 8 3
1 2 843 872 8 2 1 7 391 367 11 3
1 4 159 143 19 2 1 9 174 184 24 3
1 5 426 432 9 2 1 11 302 277 17 3
1 6 1481 1438 13 2 1 12 208 234 25 3
1 8 628 667 9 2 1 14 523 546 15 3
1 9 425 466 12 2 1 15 264 304 26 3
1 11 243 373 25 3 1 -2 0 436 387 18 3
1 12 405 545 19 3 1 -19 272 291 26 4
1 13 506 719 21 3 1 -18 276 238 22 4
1 14 1074 1131 12 3 1 -1 5 370 417 19 4
1 20 335 346 24 3 1 -14 1409 1429 13 4
1 -18 228 242 28 3 1 -13 653 663 11 4
1 -1 7 214 214 30 3 1 -12 1696 1702 15 4
K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
1 -11 268 307 17 4 1 - 9 526 471 8
1 -8 1292 1242 12 4 1 - 7 1443 1389 12
1 -6 2810 2609 11 4 1 -6 334 334 10
1 -5 1240 1171 11 4 1 - 5 772 794 8
1 -4 1601 1482 10 4 1 -4 706 694 7
1 -3 277 250 8 4 1 - 3 355 344 7
1 -2 1323 1357 8 4 1 - 2 709 769 7
1 -1 619 584 6 4 1 -1 957 999 9
1 0 2701 2722 8 4 1 0 672 694 6
1 1 ' 117 129 16 4 1 2 969 1013 9
1 2 864 855 8 4 1 4 295 313 11
1 3 657 657 6 4 1 5 309 304 11
1 4 655 652 7 4 1 7 563 559 9
1 5 215 215 15 4 1 8 250 268 17
1 6 489 503 9 5 1 -2 0 665 696 14
1 8 1254 1265 13 5 1 -18 507 529 15
1 10 288 278 17 5 1 -1 7 191 202 29
1 11 503 531 13 5 1 -1 5 318 330 18
1 12 832 843 11 5 1 -1 4 1163 1182 12
1 14 1252 1313 13 5 1 -1 3 168 136 25
1 15 380 455 21 5 1 -1 2 1145 1127 11
1 18 549 551 16 5 1 -11 246 250 17
1 20 603 598 17 5 1 - 9 310 301 12
1 -21 271 274 27 5 1 - 8 1166 1151 11
1 -18 284 295 23 5 1 - 7 1103 1058 11
1 -17 294 295 21 5 1 -6 1073 1092 11
1-14 325 279 16 5 1 -4 258 229 10
1 -12 316 317 15 5 1 - 3 1304 1318 10
1 -10 271 268 13 5 1 - 2 391 380 7
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TABLE III.A-4, c o n t M . : Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K t> Fobs F c a l c S igF H
5 1 - 1 443 444 6 6 1 2 285 327 10 7
5 1 0 2299 2381 10 6 1 3 229 233 12 7
5 1 1 630 604 6 6 1 5 321 331 12 7
5 1 2 1226 1227 11 6 1 7 196 207 21 7
5 1 4 1345 1341 13 6 1 10 227 256 22 7
S 1 5 641 663 8 6 1 11 202 233 27 7
5 1 6 926 919 9 6 1 13 208 246 29 7
5 1 7 321 327 13 6 1 14 232 248 26 7
5 1 8 331 338 14 6 1 16 201 214 31 7
5 1 10 214 185 23 7 1 -23 260 233 28 8
5 1 11 497 510 13 7 1 -21 466 473 18 8
5 1 12 489 533 15 7 1 -20 364 412 21 8
5 1 13 748 766 13 7 1 -19 373 386 18 8
5 1 14 438 486 17 7 1 -18 451 453 15 8
5 1 15 332 353 20 7 1 -16 258 262 20 8
5 1 17 304 291 22 7 1 -1 5 891 898 10 8
5 1 19 635 670 16 7 1 -1 4 723 747 10 8
6 1 -2 1 243 266 28 7 1 -13 502 527 11 8
6 1 -2 0 226 229 29 7 1 -1 2 232 231 18 8
6 1 -15 258 269 21 7 1 -11 232 199 17 8
6 1 -11 330 318 13 7 1 -9 849 862 8 8
6 1 -8 403 414 10 7 1 -8 400 413 10 a
6 1 - 7 225 223 13 7 1 -7 482 500 8 a
6 1 -4 844 877 9 7 1 - 5 749 776 7 a
6 1 -3 701 730 7 7 1 -4 373 388 8 8
6 1 -2 238 268 10 7 1 -3 319 323 9 8
6 1 - 1 1219 1271 11 7 1 -1 1834 1935 12 8
6 1 0 1507 1598 11 7 1 1 937 955 9 9
6 1 1 275 297 10 7 1 2 316 326 11 9
L Fobs F c a l c S igF H K I. Fobs F c a l c S igF
4 238 245 14 9 1 -18 193 163 27
5 1384 1379 14 9 1 -15 380 390 15
6 646 652 10 9 1 -13 594 588 11
7 1422 1406 15 9 1 -11 305 310 14
10 367 391 17 9 1 -10 354 361 12
11 871 862 11 9 1 -9 1063 1054 11
13 292 256 21 9 1 - 7 833 846 8
14 241 248 26 9 1 - 6 548 555 8
15 228 192 26 9 1 - 2 274 277 11
15 258 255 21 9 1 - 1 290 329 11
14 178 185 27 9 1 0 615 660 8
13 340 317 14 9 1 1 687 691 8
10 184 191 19 9 1 2 12 81 1275 13
- 8 329 357 11 9 1 3 384 367 11
- 5 155 195 17 9 1 4 490 512 10
- 4 488 495 8 9 1 5 463 461 11
-1 137 180 20 9 1 6 1386 1319 13
0 820 310 8 9 1 7 865 868 10
1 261 269 12 9 1 8 428 441 15
2 378 390 10 9 1 9 352 299 17
4 290 304 14 9 1 14 373 370 19
5 426 417 11 10 1 -10 284 2 B 9 15
6 328 335 15 10 1 - 8 243 233 15
7 390 407 14 10 1 - 7 405 417 10
10 254 251 22 10 1 - 6 201 224 17
12 236 254 25 10 1 - 5 201 212 16
13 251 197 23 10 1 -2 223 192 14
■21 511 491 16 10 1 -1 292 285 12
-19 356 335 17 10 1 3 270 247 15
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TABLE III.A-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F H
11 1- 20 407 417 17 12 1 0 175 253 26 13
11 1 - 18 210 178 26 12 1 3 380 357 13 14
11 1 - 14 563 558 12 12 1 4 322 317 16 14
11 1 -1 2 856 866 9 12 1 7 245 262 23 14
11 1 -1 1 258 249 18 12 1 12 217 170 29 14
11 1 -9 304 286 15 13 1 -20 512 521 16 14
11 1 -8 1123 1143 11 13 1 -18 213 216 26 14
11 1 - 7 402 323 11 13 1 -1 5 309 276 17 14
11 1 -6 1327 1378 14 13 1 -14 442 434 13 15
11 1 - 5 266 283 14 13 1 -13 507 506 12 15
11 1 -3 368 367 11 13 1 -12 716 657 11 15
11 1 - 2 582 580 9 13 1 -11 487 482 12 IS
11 1 - 1 367 358 11 13 1 - 9 582 584 11 15
11 1 0 307 329 14 13 1 - 8 1007 990 10 15
11 1 1 557 526 9 13 1 - 7 1083 10 B 7 11 15
11 1 2 364 364 12 13 1 - 6 1059 1060 11 IS
11 1 5 213 207 21 13 1 -5 245 270 18 15
11 1 6 898 864 10 13 1 -4 248 225 17 15
11 1 7 446 444 14 13 1 -3 464 468 11 15
11 1 8 716 702 11 13 1 -2 490 486 11 15
11 1 9 258 242 22 13 1 -1 542 573 11 15
11 1 10 220 147 25 13 1 0 742 742 10 16
11 1 11 354 360 19 13 1 4 365 350 16 16
11 1 12 457 441 17 13 1 5 350 324 16 17
11 1 14 224 272 31 13 1 6 250 280 23 17
12 1 -1 6 236 261 22 13 1 7 573 570 13 17
12 1 -1 3 337 359 17 13 1 8 358 314 18 17
12 1 -8 226 258 20 13 1 9 239 248 27 17
12 1 -2 201 191 19 13 1 10 211 185 31 17
L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
11 281 302 25 17 1 -2 267 288 22
- 8 265 249 19 17 1 -1 272 213 19
- 6 236 232 21 17 1 0 428 418 15
- 5 168 173 26 17 1 4 316 328 22
- 4 236 237 19 17 1 5 339 295 21
-3 242 222 18 19 1- 12 236 245 26
-2 254 268 18 19 1 -8 259 269 25
0 396 416 15 19 1 -6 403 358 17
-1 9 293 306 23 19 1 -4 227 159 24
-1 8 217 232 27 19 1 -2 261 219 24
- 1 5 426 405 15 19 1 -1 295 257 23
-1 4 259 264 21 0 2 0 3096 3122 8
-13 379 364 15 0 2 1 1569 1572 89
-9 329 323 15 0 2 2 870 786 66
-8 176 171 26 0 2 3 2024 1894 20S
- 7 604 556 11 0 2 4 995 944 105
- 5 461 490 13 0 2 5 873 822 106
-3 227 190 20 0 2 6 1627 1505 153
- 1 491 521 12 0 2 8 1122 1077 89
5 391 366 16 0 2 9 383 401 20
7 429 375 16 0 2 10 202 156 23
- 8 252 257 20 0 2 11 369 393 15
4 209 124 25 0 2 12 859 831 SO
-1 6 195 178 29 0 2 13 418 465 33
-1 5 317 295 20 0 2 14 650 695 37
- 9 487 450 13 0 2 17 350 341 33
- 8 197 155 25 0 2 18 275 341 31
- 7 271 289 20 0 2 19 332 445 25
- 6 366 332 16 0 2 20 577 597 35
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TABLE X I 1 . A - 4 ,  c o n t ' d . :  O b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a l u e s  o f  1 0* Fo bs  and  1 0 * F c a l c
K K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H
1 2-20 296 292 27 2 2- 13 230 251 24 3
1 2 -18 293 288 23 2 2- 12 868 817 10 3
1 2 -1 5 258 277 25 2 2- 11 410 392 12 3
1 2-14 465 499 16 2 2- 10 158 133 23 3
1 2 -12 311 336 17 2 2 - 8 1752 1644 14 3
1 2 -11 511 529 12 2 2 - 7 542 534 8 3
1 2 - 9 465 495 11 2 2 - 6 788 764 8 3
1 2 -8 629 615 8 2 2 - 5 1815 1673 11 3
1 2 -7 512 470 9 2 2 - 4 1167 1043 11 3
1 2 -6 481 479 9 2 2 -3 763 671 7 3
1 2 -5 1127 1000 12 2 2 -2 509 480 6 3
1 2 -1 771 686 8 2 2 -1 1452 1312 9 3
1 2 -3 341 287 9 2 2 0 906 862 9 3
1 2 -1 574 584 6 2 2 1 742 667 7 3
1 2 0 860 890 8 2 2 2 618 575 6 3
1 2 2 1373 1478 11 2 2 3 1038 886 11 3
1 2 3 701 682 8 2 2 4 941 361 9 3
1 2 4 895 876 9 2 2 5 1976 1809 13 3
1 2 5 854 851 8 2 2 6 1624 1485 14 3
1 2 6 1251 1280 12 2 2 7 1465 1353 13 3
1 2 7 797 808 8 2 2 8 354 332 13 3
1 2 8 518 521 11 2 2 9 281 254 16 3
1 2 11 536 531 13 2 2 10 427 432 13 3
1 2 15 415 375 17 2 2 11 374 369 15 4
2 2 -20 581 592 16 2 2 12 701 697 12 4
2 2-18 407 424 19 2 2 13 338 328 19 4
2 2-16 228 275 28 2 2 14 409 485 19 4
2 2 -15 647 642 13 2 2 15 646 648 14 4
2 2 -14 1033 1010 10 2 2 19 563 599 16 4
K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
2 -19 224 183 28 4 2 -13 1033 1033 10
2 - 12 277 286 17 4 2 -12 625 607 10
2 -10 201 200 18 4 2 -1 1 559 552 10
2 - 9 276 240 13 4 2 -10 252 232 16
2 -8 771 734 8 4 2 - 9 1487 1409 14
2 -7 342 324 11 4 2 - 8 278 249 12
2 -6 1181 1093 11 4 2 - 7 1435 1354 13
2 - 5 329 309 9 4 2 - 6 240 230 12
2 -4 714 720 7 4 2 -4 315 263 9
2 -3 713 700 7 4 2 - 3 840 798 9
2 -2 195 138 11 4 2 -2 1003 1045 10
2 -1 293 300 8 4 2 -1 541 546 6
2 0 1050 1050 10 4 2 0 251 204 10
2 2 183 229 14 4 2 1 789 819 8
2 3 154 165 18 4 2 2 884 872 9
2 4 204 205 15 4 2 3 453 450 8
2 5 416 403 10 4 2 4 673 693 7
2 6 544 517 9 4 2 5 777 750 7
2 7 285 318 14 4 2 6 544 520 9
2 10 375 407 14 4 2 7 760 757 9
2 11 387 407 15 4 2 9 564 575 11
2 12 343 368 17 4 2 11 308 301 18
2 14 536 541 14 4 2 13 469 531 15
2 -2 2 285 233 26 4 2 15 217 260 29
2 -21 342 337 23 5 2-18 347 343 18
2 -20 259 227 26 5 2 -17 227 230 25
2 -1 9 376 375 18 5 2 -16 192 156 28
2 -1 5 512 518 14 5 2 -1 5 289 311 20
2 -1 4 670 698 11 5 2 -14 443 438 14
- j
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TABLE xix.A-4, c o n t ' d * :  O b s e r v e d  and C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a l u e s  o f  10*Fobs  a n d  1 0 * F c a l c
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H
5 2--13 250 282 19 6 2 -8 1014 969 10 7
5 2--11 326 355 14 6 2 - 7 624 603 7 7
5 2--10 4 6 3 471 10 6 2 - 6 1244 1214 12 7
5 2 -9 749 725 8 6 2 - 5 224 207 12 7
5 2 -8 784 731 8 6 2 - 3 268 295 10 8
5 2 -2 1194 1145 11 6 2 0 733 716 8 8
5 2 -6 628 559 7 6 2 1 816 823 7 8
5 2 -4 360 375 8 6 2 2 1089 1095 11 8
5 2 - 1 295 340 9 6 2 5 392 390 11 8
5 2 0 1229 1300 11 6 2 6 1480 1503 15 8
5 2 1 299 255 9 6 2 7 220 242 21 a
5 2 2 903 1007 10 6 2 8 1073 1085 11 8
5 2 3 164 169 17 6 2 10 288 338 20 8
5 2 4 266 269 13 6 2 11 226 286 28 a
5 2 5 383 386 10 6 2 12 708 727 13 8
5 2 6 360 390 12 6 2 13 211 281 31 8
5 2 7 555 540 10 6 2 14 702 704 13 8
5 2 8 507 530 11 6 2 18 401 453 20 8
5 2 10 209 244 25 7 2--21 362 388 21 8
5 2 11 270 307 22 7 2--14 260 257 19 8
5 2 12 271 279 21 7 2--12 434 447 12 8
5 2 14 437 456 18 7 2--10 229 259 17 8
5 2 19 259 270 28 7 2 -9 397 394 10 8
6 2 -20 264 284 24 7 2 -8 218 191 15 8
6 2 -18 266 259 23 7 2 - 7 961 975 10 3
6 2 -14 530 521 12 7 2 -6 354 372 9 8
e 2 -12 818 771 9 7 2 -4 436 463 8 8
e 2 -11 623 613 10 7 2 -1 651 659 7 8
G 2 - 9 252 261 14 7 2 1 603 626 8 8
K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
2 2 216 213 14 8 2 13 424 461 18
2 3 173 171 18 8 2 14 576 572 15
2 7 167 161 26 9 2 -15 366 355 16
2 10 232 225 23 9 2 -13 453 449 13
2 - 22 432 427 19 9 2 -11 334 342 13
2 - 20 658 667 14 9 2 -10 269 267 14
2 -14 907 879 10 9 2 -8 329 352 11
2 -12 1122 1093 11 9 2 - 7 386 396 10
2 -11 232 234 18 9 2 - 5 531 567 8
2 -10 162 175 23 9 2 - 4 527 500 8
2 -9 302 302 13 9 2 - 3 244 260 12
2 -8 1269 1243 13 9 2 -1 585 610 8
2 - 7 467 459 9 9 2 0 207 194 17
2 -6 1442 1464 13 9 2 1 227 248 14
2 -4 732 772 7 9 2 2 174 170 19
2 -3 258 270 11 9 2 4 548 573 10
2 - 2 800 853 8 9 2 6 534 540 11
2 - 1 190 168 15 9 2 12 291 319 22
2 0 1927 2033 13 9 2 13 320 337 21
2 2 611 637 8 9 2 16 267 260 25
2 3 169 151 20 10 2 -22 213 178 30
2 4 429 389 10 10 2 -21 279 319 26
2 5 454 455- 11 10 2 -20 555 541 14
2 6 660 686 10 10 2 -19 219 218 26
2 7 568 568 11 10 2 -18 420 423 16
2 8 814 812 10 10 2 -1 5 638 623 11
2 9 249 213 21 10 2 -14 668 672 11
2 11 240 287 24 10 2 -13 296 290 17
2 12 498 500 14 10 2 -12 624 628 10
- J
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TABLE III.A-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
10 2 -11 162 156 24 11 2 0 215 211 18 12 2 10 302 259 19 15 2 - 1 6 209 144 24
10 2 -9 310 328 13 11 2 1 386 409 12 12 2 11 315 307 21 15 2 - 8 229 188 19
10 2 -8 465 480 10 11 2 4 504 495 11 13 2 -18 193 94 27 15 2 -6 247 281 21
10 2 -7 750 759 B 11 2 6 354 321 15 13 2 -10 186 ISO 23 15 . 2 - 3 249 227 ia
10 2 -6 531 581 9 11 2 7 234 226 21 13 2 -9 300 283 16 15 2 - 2 303 293 16
10 2 -5 426 433 10 11 2 9 213 212 25 13 2 -6 161 145 24 15 2 0 252 245 21
10 2 -4 472 479 9 12 2 -21 338 283 18 13 2 - 4 223 212 19 15 2 1 274 253 19
10 2 -3 821 821 8 12 2 -19 273 264 23 13 2 2 190 177 22 IS 2 3 186 134 27
10 2 - 1 697 737 8 12 2 -1 5 655 610 12 13 2 3 294 270 16 16 2 -18 206 162 29
10 2 0 90S 928 9 12 2 -14 258 241 20 14 2 -20 286 242 23 16 2 -1 5 337 320 19
10 2 2 617 619 9 12 2-13 536 527 12 14 2 -19 288 298 22 16 2 -1 4 365 357 17
10 2 3 232 229 17 12 2 -10 220 193 20 14 2 -18 220 233 28 16 2 -1 3 238 189 22
10 2 4 319 351 14 12 2 - 9 572 590 10 14 2 -15 274 254 19 16 2 -1 2 464 440 14
10 2 5 774 782 10 12 2 -7 702 717 9 14 2 -14 307 314 18 16 2 - 9 220 222 24
10 2 6 365 372 14 12 2 -6 4 B1 453 10 14 2 -13 223 196 21 16 2 - 8 489 4 B 3 13
10 2 7 338 380 17 12 2 -5 372 363 12 14 2 -1 2 310 278 16 16 2 - 6 502 477 12
10 2 11 312 283 19 12 2 -4 220 208 17 14 2 - 9 359 319 14 16 2 -2 395 330 14
10 2 13 502 493 16 12 2 -3 308 310 13 14 2 - 8 294 265 15 16 2 -1 442 405 14
11 2 -16 287 302 20 12 2 -2 224 236 18 14 2 - 7 264 278 18 16 2 0 350 340 17
11 2 -15 208 223 25 12 2 -1 756 785 9 14 2 -6 508 487 11 16 2 1 437 414 14
11 2 -13 376 363 14 12 2 0 625 644 10 14 2 -5 273 266 17 16 2 5 409 364 16
11 2 -12 392 396 14 12 2 1 509 534 11 14 2 -3 186 151 23 16 2 6 321 321 21
11 2 -10 343 351 13 12 2 2 172 209 25 14 2 -2 282 255 16 17 2 -14 272 265 23
11 2 -8 285 276 14 12 2 3 215 208 21 14 2 -1 173 188 26 17 2 -1 1 271 239 20
11 2 —7 393 384 11 12 2 4 303 305 17 14 2 0 480 473 12 18 2 -1 3 357 334 19
11 2 -5 200 249 13 12 2 5 538 538 12 14 2 2 331 345 17 18 2 - 9 231 241 24
11 2 -4 256 280 14 12 2 6 175 124 27 14 2 4 205 197 24 18 2 -8 300 276 20
11 2 - 2 321 341 12 12 2 7 337 344 18 14 2 6 566 535 13 ia 2 - 7 582 516 13
11 2 -1 433 452 11 12 2 B 270 257 21 14 2 8 283 288 22 18 2 -6 269 243 21
CO
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TABLE III.A-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
18 2 -3 337 340 19 1 3 - 3 803 771 8 2
18 2 - 1 349 347 19 1 3 - 2 1177 1104 11 2
18 2 0 232 190 23 1 3 0 958 384 9 2
18 2 1 194 180 29 1 3 1 669 654 7 2
19 2 - 6 219 192 26 1 3 2 1561 1410 11 2
0 3 1 329 280 38 1 3 3 243 250 13 2
0 3 2 171 118 17 1 3 4 140 164 20 2
0 3 3 195 166 15 1 3 5 756 704 8 2
0 3 4 580 566 13 1 3 6 1442 1376 14 2
0 3 5 228 238 15 1 3 7 708 676 9 2
0 3 6 284 253 13 1 3 8 416 430 12 2
0 3 7 713 691 40 1 3 9 1132 1131 11 2
0 3 8 184 159 28 1 3 10 232 252 20 3
0 3 9 310 293 20 1 3 11 353 357 15 3
0 3 10 846 829 44 1 3 13 650 671 12 3
0 3 11 528 535 62 1 3 14 308 388 21 3
0 3 13 414 406 15 1 3 15 531 543 14 3
0 3 14 329 343 42 1 3 18 263 280 24 3
0 3 16 208 236 27 1 3 20 268 282 27 3
0 3 19 350 354 22 2 3 -18 418 389 17 3
1 3 -21 565 501 17 2 3--14 273 278 20 3
1 3 -19 5BB 558 15 2 3--12 377 354 14 3
1 3 -16 307 287 21 2 3 -10 551 560 10 3
1 3 -13 338 359 17 2 3 - 9 373 380 12 3
1 3 -11 804 816 9 2 3 - 7 1011 993 11 3
1 3 -9 204 183 18 2 3 -6 563 563 8 3
1 3 - 7 1879 1798 14 2 3 -5 355 324 9 3
1 3 - 5 996 943 10 2 3 —4 559 529 7 3
1 3 - 4 470 439 8 2 3 -3 230 237 11 3
K L Fobs F c a l c S igF H K L Fobs F c a l c SigF
3 -1 763 769 8 3 3 2 421 411 8
3 1 190 148 12 3 3 3 330 317 9
3 4 456 436 8 3 3 4 847 799 8
3 5 1025 931 10 3 3 5 321 279 11
3 6 402 375 10 3 3 6 1619 1571 15
3 7 539 508 10 3 3 7 455 459 11
3 8 509 515 10 3 3 a 1282 1241 12
3 9 420 414 12 3 3 n 487 488 13
3 11 169 99 26 3 3 12 906 905 11
3 12 352 357 16 3 3 13 286 325 22
3 14 431 437 16 3 3 14 752 767 12
3 20 241 269 30 3 3 15 277 276 22
3 -20 280 306 27 3 3 18 497 500 17
3 -19 628 600 14 4 3-■19 224 254 30
3-18 235 200 24 4 3-•12 357 330 13
3-14 280 306 19 4 3-■11 427 413 11
3 -12 438 460 12 4 3 - 9 405 383 10
3-11 558 533 10 4 3 - 8 744 748 8
3 - 9 1122 1125 12 4 3 - 7 157 151 20
3 -8 1105 1077 11 4 3 -6 653 628 7
3 - 7 258 230 13 4 3 -3 242 241 10
3 -6 1606 1563 13 4 3 -2 583 595 6
3 -5 940 934 10 4 3 - 1 360 387 8
3 -4 124 107 19 4 3 0 1255 1277 11
3 -3 921 937 9 4 3 1 1100 1087 11
3 -2 963 1002 10 4 3 2 275 265 10
3 -1 799 798 8 4 3 3 387 403 10
3 0 1472 1419 10 4 3 4 633 633 8
3 1 407 399 7 4 3 6 311 318 13
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TABLE III.A— 4, cont'd*: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Pcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H
4 3 S 423 399 12 5 3 6 1031 1033 10 7
4 3 9 351 352 14 5 3 7 367 384 13 7
4 3 12 258 268 22 5 3 8 513 534 11 7
4 3 13 398 425 16 5 3 9 193 228 24 7
4 3 15 257 256 24 5 3 12 515 518 14 7
4 3 18 255 244 26 5 3 13 347 393 19 7
5 3 -22 361 341 21 5 3 14 623 651 13 7
5 3 -21 246 216 27 5 3 15 385 434 19 7
5 3 -20 693 679 14 5 3 16 203 235 30 7
5 3 -16 463 471 14 6 3 -22 246 206 27 7
5 3 -1 5 327 294 17 6 3 -20 383 364 19 7
5 3 -14 732 736 11 6 3 - 16 256 258 ' 22 7
5 3 -1 2 522 533 11 6 3 -14 241 224 20 7
5 3 -1 0 332 322 12 6 3 -12 293 309 15 7
5 3 -9 406 383 10 6 3 -10 228 223 17 7
5 3 -8 1315 1310 13 6 3 -8 744 732 8 7
5 3 -7 1165 1117 12 6 3 -6 682 724 7 7
5 3 -6 963 966 9 6 3 - 5 647 683 7 7
5 3 - 5 364 376 9 6 3 -4 344 367 9 7
5 3 -4 636 654 6 6 3 -3 331 344 9 7
5 3 - 3 571 586 6 6 3 -2 588 603 7 7
5 3 - 2 745 761 3 6 3 - 1 788 804 8 7
S 3 -1 721 743 7 6 3 1 965 1004 10 7
5 3 0 2566 2606 11 6 3 3 433 453 9 7
5 3 1 367 358 a 6 3 4 574 605 9 8
5 3 2 629 653 7 6 3 6 415 412 11 8
5 3 3 370 364 10 6 3 7 303 335 15 8
5 3 4 1199 1165 12 7 3 -21 332 373 22 a
5 3 5 1033 982 10 7 3 -20 440 413 17 8
K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
3-19 273 304 23 8 3 - 9 436 450 10
3 -18 441 421 15 8 3 -4 380 391 9
3 -15 587 599 12 8 3 -2 338 306 10
3-14 955 957 10 8 3 -1 711 767 8
3 -13 813 304 10 3 3 0 938 968 9
3 -12 618 626 10 3 3 1 218 226 15
3 - 9 695 709 3 8 3 2 590 621 a
3 - 8 459 465 9 3 3 3 388 403 10
3 -7 563 581 8 8 3 5 294 300 15
3 -6 522 530 8 8 3 7 303 315 16
3 -5 B17 858 9 8 3 10 308 334 18
3 -4 364 359 9 8 3 11 327 341 18
3 -3 144 134 17 8 3 13 265 237 22
3 - 2 203 207 13 8 3 14 269 301 25
3 - 1 781 806 a 9 3-16 215 178 25
3 0 612 614 8 9 3 -15 359 388 16
3 1 639 630 3 9 3 -14 247 262 20
3 2 733 746 7 9 3 -13 466 442 13
3 4 306 296 12 9 3 -9 482 463 10
3 5 563 565 10 9 3 -8 153 187 23
3 6 427 436 12 9 3 -7 360 372 11
3 7 268 276 17 9 3 -6 408 417 10
3 9 254 237 19 9 3 -4 299 289 11
3 15 304 255 20 9 3 -3 372 384 10
3 -16 217 183 23 9 3 - 1 250 294 14
3 -15 285 267 18 9 3 0 78.4 818 8
3-13 581 586 11 9 3 1 428 464 10
3 -12 209 175 21 9 3 2 582 610 9
3 -10 393 396 11 9 3 4 628 636 9
00
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TABLE I I I * A - 4 ,  c o n t ' d . :  O b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a l u e s  o f  10*Fobs  a nd  1 0 * F c a l c
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
9 3 5 190 200 22 11 3 -11 279 255 16 13
9 3 6 896 897 10 11 3 -8 377 397 13 13
9 3 a 215 221 24 11 3 - 7 278 263 15 13
9 3 12 423 426 17 11 3 - 6 670 670 9 13
9 3 13 300 302 22 11 3 - 4 367 369 11 13
9 3 14 555 547 16 11 3 - 3 250 268 16 13
10 3 -2 1 264 288 26 11 3 -2 297 304 14 13
10 3 -18 325 317 18 11 3 0 783 833 9 13
10 3 -16 185 228 28 11 3 2 551 552 11 13
10 3 -1 5 356 330 16 11 3 6 365 382 16 13
10 3 -14 434 424 13 11 3 8 543 543 14 13
10 3 -1 2 581 595 11 11 3 12 498 495 17 13
10 3 -1 1 284 258 16 12 3 - 17 219 246 25 13
10 3 -1 0 172 214 24 12 3 -1 4 313 291 18 13
10 3 -7 222 247 17 12 3 -13 296 259 17 13
10 3 - 3 181 181 18 12 3 -12 254 246 20 13
10 3 0 209 224 17 12 3 -11 410 398 13 13
10 3 2 296 319 14 12 3 -8 174 175 24 13
10 3 3 241 227 16 12 3 -6 251 260 17 13
10 3 5 293 268 17 12 3 -3 212 236 20 13
10 3 6 294 282 17 12 3 -2 522 526 11 14
10 3 8 265 246 21 12 3 0 338 342 14 14
10 3 11 249 246 25 12 3 1 283 273 16 14
10 3 12 271 287 24 12 3 7 218 221 24 14
11 3 -20 333 306 19 12 3 9 241 231 24 14
11 3 -18 447 426 16 12 3 12 351 325 21 14
11 3—1 S 227 252 24 13 3 -2 0 347 359 21 14
11 3 - 14 826 806 11 13 3 -1 8 218 232 26 14
11 3 - 12 660 658 10 13 3 -1 5 376 417 17 14
K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
3-14 327 323 18 14 3 4 192 183 27
3 -12 535 522 12 14 3 7 265 209 21
3 -11 278 241 17 14 3 8 231 203 26
3 -10 267 272 18 15 3 -1 5 641 599 13
3 -9 440 417 12 15 3 -13 354 380 17
3 - 8 248 256 18 15 3 -9 261 259 19
3 - 7 441 431 12 15 3 - 7 461 476 13
3 -6 331 373 14 15 3 - 5 389 387 14
3 -5 199 118 19 15 3 -3 472 443 13
3 -4 301 316 15 15 3 -1 789 777 11
3 -3 674 692 10 15 3 1 252 246 20
3 -2 311 300 15 15 3 5 262 260 21
3 -1 660 639 10 15 3 7 314 307 20
3 0 806 805 10 16 3 -10 198 166 25
3 1 266 272 18 16 3 -7 230 214 21
3 3 251 206 19 16 3 -6 233 216 21
3 4 214 211 23 16 3 - 5 191 164 24
3 5 587 584 13 16 3 -4 322 285 16
3 7 407 410 16 16 3 -3 183 139 24
3 8 138 155 29 16 3 -1 343 358 16
3 -16 285 286 20 16 3 0 208 193 25
3 -13 226 259 24 17 3 -15 374 370 19
3 -10 221 178 19 17 3 -13 309 281 20
3 -7 301 277 15 17 3 -9 185 183 27
3 - 5 199 251 23 17 3 - 7 200 232 27
3 -2 450 458 13 17 3 -5 228 215 22
3 -1 407 427 14 17 3 -1 255 244 22
3 1 238 223 20 17 3 0 304 278 19
3 2 195 213 26 17 3 1 288 271 20
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TABLE III.A-4, cont'd.: Observed and Calculated Structure Factors,
Values o£ 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
18 3 - 6 200 197 27 1 4 -1 129 95 17 2 4 2 566 554 8 3 4 3 399 371 9
18 3 - S 279 259 20 1 4 0 455 492 7 2 4 3 519 490 8 3 4 4 941 952 10
19 3 - 6 245 244 25 1 4 1 280 302 10 2 4 5 1100 1038 11 3 4 5 S67 571 9
0 4 0 657 725 7 1 4 2 141 118 20 2 4 6 985 965 9 3 4 6 812 790 9
0 4 1 352 349 15 1 4 4 1296 1178 12 2 4 7 760 747 9 3 4 7 1291 1283 13
0 4 2 469 462 35 1 4 5 285 238 15 2 4 8 616 622 10 3 4 8 214 233 22
0 4 3 975 887 18 1 4 6 876 844 9 2 4 11 524 553 12 3 4 9 448 443 12
0 4 4 666 623 17 1 4 7 550 535 11 2 4 12 458 458 14 3 4 10 715 723 11
0 4 S 1033 956 31 1 4 9 495 493 12 2 4 13 407 397 16 3 4 11 333 308 17
0 4 6 1416 1382 34 1 4 10 594 588 11 2 4 19 248 316 29 3 4 12 193 181 29
0 4 8 1026 1020 51 1 4 12 371 352 17 3 4 -21 232 212 31 3 4 13 255 283 23
0 4 9 349 322 20 1 4 13 414 407 16 3 4 -19 452 449 18 3 4 18 246 277 26
0 4 11 339 359 40 1 4 15 426 445 16 3 4 -17 224 242 26 4 4- 21 439 415 19
0 4 12 780 787 51 1 4 18 360 419 20 3 4 -16 316 329 19 4 4- 19 274 251 25
0 4 13 401 427 49 1 4 19 290 292 25 3 4 -14 304 309 19 4 4- 18 223 230 28
0 4 14 532 527 13 4--20 494 482 18 3 4 -13 591 574 12 4 4- 15 226 257 25
0 4 17 371 387 19 2 4 -18 453 450 17 3 4 -10 625 635 10 4 4- 14 382 387 IS
0 4 18 310 276 22 2 4 -15 523 508 14 3 4 -9 427 405 12 4 4- 13 312 303 17
0 4 19 244 288 31 4 -14 504 493 14 3 4 - a 373 389 11 4 4- 12 201 170 23
0 4 20 580 574 35 2 4 -11 352 375 16 3 4 - 7 383 361 11 4 4 -9 944 934 9
1 4 -20 471 434 18 2 4 - 9 441 438 12 3 4 - 6 481 489 9 4 4 -8 267 241 IS
1 4 -19 242 213 29 2 4 - 8 760 786 9 3 4 - 5 677 693 8 4 4 - 7 1015 1017 10
1 4 -18 296 215 23 2 4 - 7 524 522 9 3 4 -4 482 517 8 4 4 -6 243 271 15
1 4 -12 287 283 19 2 4 - 6 863 848 9 3 4 -3 150 170 17 4 4 - 5 372 384 10
1 4 - 9 277 260 16 2 4 - 5 211 204 16 3 4 - 2 909 974 9 4 4 -4 223 214 13
1 4 -8 719 685 9 2 4 - 4 163 141 19 3 4 - 1 681 684 7 4 4 - 2 342 343 9
1 4 - 7 333 352 13 2 4 - 2 277 260 9 3 4 0 138 135 18 4 4 - 1 640 658 7
1 4 - 5 586 571 8 2 4 - 1 300 337 9 3 4 1 754 750 8 4 4 0 134 98 19
1 4 - 3 306 314 11 2 4 0 369 365 8 3 4 2 204 203 14 4 4 1 1120 1127 11
TABLE III.A~4, cont'd*: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H
4 4 3 365 347 10 6 4 -6 867 932 9 7
4 4 4 692 690 8 6 4 -5 297 333 12 7
4 4 5 360 355 12 6 4 -3 236 273 13 7
4 4 7 974 935 10 6 4 - 2 707 763 7 7
4 4 9 441 465 14 6 4 - 1 175 140 16 7
4 4 11 374 403 16 6 4 0 616 655 8 7
5 4--11 174 177 23 6 4 2 453 487 9 7
5 4 -10 329 370 14 6 4 3 453 456 10 7
5 4 -9 206 232 19 6 4 6 742 768 9 7
5 4 - 7 596 595 8 6 4 7 198 153 22 7
5 4 - 6 164 121 18 6 4 8 704 731 11 8
5 4 -4 202 197 14 6 4 9 256 223 20 8
5 4 -2 249 241 11 6 4 11 232 292 19 8
5 4 -1 329 341 9 6 4 12 544 573 13 S
5 4 0 245 265 12 6 4 14 432 452 16 8
S 4 2 595 601 3 6 4 15 333 326 20 8
5 4 3 290 308 12 7 4--15 439 482 13 3
5 4 6 648 650 9 7 4--14 521 552 13 8
5 4 8 285 319 18 7 4--12 536 549 1Z 8
5 4 13 329 333 13 7 4--11 549 561 11 8
6 4 -21 225 211 28 7 4 -9 282 312 15 8
6 4 -19 254 288 26 7 4 -8 600 633 9 8
6 4 -14 307 303 18 7 4 - 7 158 169 21 8
6 4 -12 313 315 15 7 4 -6 865 927 9 8
6 4 -11 577 586 10 7 4 - 5 305 345 12 8
6 4 -10 174 176 23 7 4 -4 437 475 9 8
6 4 - 9 204 166 18 7 4 - 3 600 651 3 8
6 4 -8 712 732 8 7 4 -2 709 743 7 8
6 4 -7 469 473 10 7 4 -1 458 476 9 8
K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
4 0 758 798 8 8 4 10 351 356 17
4 1 495 536 9 B 4 11 353 338 17
4 3 551 567 9 8 4 12 299 362 22
4 6 295 299 16 8 4 13 339 441 22
4 8 665 654 12 8 4 14 569 569 15
4 9 332 337 17 9 4 -20 355 369 20
4 11 292 291 20 9 4 -18 246 240 23
4 12 495 483 14 9 4 -1 7 287 251 19
4 14 366 367 19 9 4 -16 265 269 21
4 15 228 236 27 9 4 -14 504 485 13
4 -2 0 312 332 22 9 4 -1 2 525 497 12
4 -1 8 254 206 22 9 4 -1 1 557 579 11
4 -1 4 672 687 11 9 4 - 9 208 249 21
4 -1 2 810 838 10 9 4 -8 341 343 13
4 -1 1 228 264 21 9 4 -7 289 299 14
4 -9 608 636 9 9 4 -6 488 528 10
4 -8 666 709 9 9 4 -5 316 335 12
4 - 7 398 408 11 9 4 -4 316 324 12
4 - 6 398 980 9 9 4 -3 203 218 18
4 - 5 395 426 10 9 4 - 2 571 609 10
4 - 4 375 400 10 9 4 0 602 660 10
4 - 3 413 417 10 9 4 1 331 348 12
4 - 2 886 932 8 9 4 4 244 244 18
4 - 1 456 475 9 9 4 13 . 238 252 27
4 0 981 1041 10 10 4 -20 359 356 20
4 3 310 330 14 10 4 -19 210 221 28
4 7 206 199 24 10 4 -18 370 368 18
4 8 499 506 14 10 4 -1 5 443 465 14
4 9 262 267 . 20 10 4 -14 630 634 12
03
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TABLE cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and lQ*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
10 4 -13 275 306 19 11 4 7 256 216 20 13 4 0 505 519 12 16 4 0 312 280 18
10 4 -12 572 574 11 11 4 8 258 274 21 13 4 2 477 500 13 16 4 1 235 206 22
10 4 -8 287 287 14 11 4 10 307 293 21 13 4 3 268 314 19 16 4 2 222 223 24
10 4 - 7 443 442 11 11 4 11 357 372 20 13 4 5 289 294 18 17 4-■13 298 284 21
10 4 - 6 294 310 14 12 4 -19 199 178 30 13 4 6 264 300 23 17 4 -8 216 217 25
10 4 - 5 261 273 15 12 4 -17 203 190 27 13 4 8 262 255 23 17 4 - 7 308 325 20
10 4 - 4 242 269 15 12 4 -15 566 537 13 14 4-14 345 359 17 17 4 - 5 224 215 23
10 4 - 3 652 670 9 12 4 -13 300 320 17 14 4 -13 289 280 18 17 4 -4 233 204 22
10 4 -1 708 776 9 12 4 -1 2 208 213 23 14 4 - 9 216 226 21 17 4 - 2 293 267 20
10 4 0 753 775 9 12 4 -1 1 204 164 22 14 4 -8 181 201 24 17 4 -1 199 164 26
10 4 2 562 579 10 12 4 -9 250 235 17 14 4 0 492 498 13 17 4 1 352 321 17
10 4 3 346 392 15 12 4 - 2 366 377 13 14 4 1 191 162 26 18 4 - 9 271 252 22
10 4 4 323 320 15 12 4 -1 493 517 12 14 4 2 441 415 14 18 4 - 7 306 310 21
10 4 5 390 397 14 12 4 0 345 366 14 14 4 3 243 226 22 IS 4 - 3 293 267 20
10 4 6 268 286 19 12 4 1 492 514 12 14 4 6 413 394 16 0 5 1 457 465 43
10 4 11 352 340 19 12 4 4 354 350 15 15 4 -14 329 313 19 0 5 2 761 719 70
10 4 13 387 432 20 12 4 5 234 262 21 15 4 -3 209 245 23 0 5 3 257 202 35
11 4 -1 6 340 329 17 12 4 7 289 263 19 15 4 - 2 295 326 19 0 5 4 758 715 36
11 4 -1 5 220 188 24 12 4 11 252 278 27 16 4 -15 205 192 28 0 5 7 875 863 17
11 4 -1 3 340 346 15 13 4 -18 196 213 29 16 4 -14 388 323 16 0 5 8 437 420 13
11 4 -12 222 234 21 13 4 -1 5 425 412 15 16 4 -12 491 ■ 469 14 0 5 9 784 769 38
11 4 -8 181 180 22 13 4 -13 223 226 23 16 4 - 9 413 403 16 0 5 10 582 573 19
11 4 - 5 155 122 23 13 4 - 12 238 243 21 16 4 -8 339 320 17 0 5 11 385 402 16
11 4 -4 222 218 18 13 4 -11 207 199 23 16 4 -7 279 278 19 0 5 13 560 527 22
11 4 - 2 297 342 16 13 4 -9 247 238 19 16 4 -6 365 368 16 0 5 16 229 239 27
11 4 -1 629 685 10 13 4 -7 192 200 23 16 4 - 5 175 81 26 0 5 19 242 277 31
11 4 0 258 312 18 13 4 -4 430 421 12 16 4 -3 183 196 27 1 5--16 235 260 26
11 4 1 219 253 20 13 4 -3 363 376 14 16 4 - 2 240 201 22 1 5--10 309 295 18
11 4 3 289 301 17 13 4 -1 550 567 12 16 4 - 1 286 299 19 1 5 - 9 366 367 15
CO
cn
TABLE III.A-4, cont'd*: observed and Calculated Structure Factors
Values of 10*Fobs and lO*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
1 S -8 817 819 9 2 5 0 317 297 10 3
1 5 - 7 611 622 10 2 5 2 192 149 17 3
1 5 - 6 176 166 24 2 5 3 234 220 16 3
1 5 - 5 161 142 24 2 5 4 639 602 9 3
1 5 - 4 796 803 8 2 5 5 544 503 11 3
1 5 -3 694 646 8 2 5 6 851 803 9 3
1 5 2 658 594 8 2 5 8 969 917 10 3
1 5 4 355 321 13 2 5 9 330 323 18 3
1 5 6 428 424 13 2 5 12 325 317 19 3
1 5 7 609 555 11 3 5- 20 408 396 21 4
1 5 8 455 462 13 3 5- 19 269 284 27 4
1 5 9 765 751 11 3 5- 12 585 581 12 4
1 5 12 733 736 12 3 5- 11 221 244 24 4
1 5 13 327 352 20 3 5- 10 306 300 17 4
1 5 14 367 370 18 3 5 - 9 564 582 11 4
1 5 15 237 215 26 3 5 -8 522 519 11 4
1 5 18 312 340 23 3 5 -7 293 308 15 4
2 5 -19 290 287 25 3 5 -6 1110 1105 11 4
2 5 -18 317 353 23 3 5 -5 993 990 10 4
2 5 -16 319 297 21 3 5 -4 726 734 8 4
2 5 -13 263 231 21 3 5 -3 530 522 8 4
2 5 -1 1 221 234 24 3 5 - 2 903 934 10 4
2 5 -1 0 277 314 19 3 5 - 1 427 406 9 4
2 5 - 7 556 554 10 3 5 0 1347 1298 12 4
2 5 - 6 762 758 9 3 5 1 557 546 8 4
2 S - 5 252 265 16 3 5 2 155 132 20 4
2 5 - 4 470 462 10 3 5 3 763 728 8 4
2 5 - 2 539 548 8 3 5 4 204 220 20 4
2 5 -1 475 459 8 3 5 6 547 526 11 4
K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
5 7 357 330 14 4 5 13 278 259 22
5 8 1016 999 11 4 5 14 337 318 19
5 9 451 432 14 5 5 - 2 0 452 460 18
5 10 246 222 22 5 5 -1 8 233 222 28
5 11 482 474 14 5 5 -1 7 272 289 23
5 12 536 539 14 5 5 -1 5 248 191 23
5 14 379 360 17 5 5 -1 4 314 319 13
5 IS 380 380 18 5 5 -1 2 376 363 15
5 17 304 324 23 5 5 -1 1 455 456 13
5--20 257 267 30 5 5 -10 226 196 21
5--15 236 241 25 5 5 -8 283 291 16
5--11 426 463 14 5 5 -6 715 719 9
5 -9 203 156 20 5 5 - 5 318 297 12
5 -8 307 297 14 5 5 -4 1062 1092 11
5 - 7 563 536 10 5 5 -3 836 863 9
5 -6 941 943 9 5 5 - 2 185 192 17
5 - 5 494 455 9 5 5 - 1 1044 1043 10
5 -4 395 381 10 5 5 0 1004 1014 10
5 -3 149 94 20 5 5 1 155 137 21
5 -2 937 957 10 5 5 2 263 255 14
5 0 700 702 8 5 5 3 1006 979 10
5 1 412 390 9 5 5 5 683 674 10
5 3 153 162 22 5 5 6 456 439 12
5 4 530 549 11 5 5 a 333 345 17
5 6 696 677 10 5 5 9 304 267 18
5 7 355 349 16 5 5 11 431 409 15
5 8 558 518 12 5 5 13 437 457 16
5 9 723 734 11 6 5 -20 297 272 23
5 12 654 657 13 6 5 -1 9 343 348 21
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TABLE III.A-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H
6 5- l f i 521 526 14 7 5- 12 489 488 12 a
6 5-■14 565 569 13 7 5- 11 330 339 16 8
6 5-■11 287 252 17 7 5- 10 215 235 22 8
6 5--10 270 287 17 7 5 - 9 373 369 13 8
6 5 - 9 2£2 283 13 7 5 -8 318 332 14 8
£ 5 -8 656 671 9 7 5 - 7 514 519 ' 10 a
6 5 -7 593 604 9 7 5 - 6 476 487 10 8
6 5 -6 505 512 10 7 5 -5 442 469 10 8
6 5 - 5 935 970 10 7 5 -4 276 284 13 8
£ 5 -4 441 469 10 7 5 - 3 512 530 9 8
£ 5 - 2 503 540 9 7 5 -1 749 770 8 8
6 5 - 1 357 361 11 7 5 0 177 149 19 9
6 5 0 546 558 9 7 5 1 239 258 15 9
£ 5 1 309 322 13 7 5 3 169 217 25 9
6 5 2 378 350 11 7 5 4 258 260 17 9
e 5 3 207 199 18 7 5 5 466 450 12 9
e 5 4 692 707 9 7 5 6 234 229 20 9
6 5 £ 358 343 14 7 5 7 279 268 19 9
£ 5 7 463 474 13 7 S 11 306 301 20 9
£ 5 9 251 247 21 7 5 13 210 220 27 9
£ 5 10 216 197 25 7 5 15 217 201 30 9
6 5 12 314 328 21 8 5--19 264 287 25 9
7 5--20 213 217 33 a 5-■14 235 235 22 9
7 5--18 301 263 22 8 5-■13 382 390 16 10
7 5--17 278 321 23 8 5 -11 253 241 19 10
7 5--lfi 244 262 24 8 5 -10 363 347 14 10
7 5--15 693 715 12 3 5 -9 328 352 15 10
7 5 -14 224 241 25 8 5 -8 231 233 18 10
7 5--13 414 404 14 8 5 - 7 477 511 11 10
K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
5 -6 241 241 17 10 5 -9 266 284 18
5 -4 391 405 11 10 5 -8 246 238 18
5 -3 205 173 17 10 5 - 7 202 212 21
5 - 2 214 217 17 10 5 - 6 543 560 10
5 - 1 525 548 10 10 5 - 5 267 278 16
5 2 174 186 23 10 5 -4 244 246 18
5 3 214 207 20 10 5 -3 554 562 10
5 7 224 225 22 10 5 -2 243 249 17
5 10 264 252 22 10 5 -1 362 346 13
5 11 412 411 17 10 5 0 388 361 13
5 14 248 296 28 10 5 2 502 508 11
5 -19 275 291 23 10 5 3 203 150 21
5 -1 5 190 148 26 10 5 6 481 495 14
5-13 350 327 16 10 5 8 371 362 17
5 -8 199 190 21 10 5 9 245 280 25
5 - 7 299 327 14 10 5 11 263 254 23
5 - 5 207 197 19 10 5 12 259 302 26
5 0 221 265 19 11 5 -17 216 201 27
5 1 376 388 12 11 5 -15 193 157 27
5 3 528 535 11 11 5-14 361 360 17
5 7 365 362 16 11 5-12 241 233 20
5 9 389 364 16 11 5-11 194 165 22
5 12 375 360 19 11 5-10 181 201 27
5 -18 317 328 20 11 5 -9 302 315 16
5 -17 275 290 22 11 5 -8 371 350 13
5 -15 339 351 17 11 5 - 2 262 298 18
5 -14 345 327 16 11 5 - 1 301 334 16
5-12 301 292 17 11 5 0 447 521 13
5-10 197 158 21 11 5 2 252 255 17
00
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TABLE I I I . A - 4 ,  c o n t ' d . :  O b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s ,
V a l u e s  o f  10*Fobs  and  1 0 * F c a l c
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H K L Fobs F c a l c S i gF
11 5 3 270 221 16 13 5 8 325 314 21 0 6 0 1003 1053 10 1 6 2 432 365 11
11 5 6 381 376 16 14 5 -1 3 233 270 25 0 6 1 381 355 29 1 6 3 304 263 16
11 5 8 393 399 17 14 5 -9 187 127 25 0 6 2 583 548 56 1 6 4 428 381 13
11 5 11 278 314 26 14 5 -7 320 307 16 0 6 3 687 637 44 1 6 6 451 412 14
12 5 - 15 263 243 21 14 5 -4 269 305 19 0 6 4 407 415 S6 1 6 7 473 446 14
12 5 -14 335 310 16 14 5 -3 275 268 18 0 6 5 270 295 19 1 6 8 307 298 20
12 5 -12 355 367 15 14 5 - 1 373 365 15 0 6 6 642 654 18 1 6 9 226 223 25
12 5 -11 279 311 18 14 5 1 230 239 23 0 6 7 287 256 22 1 6 11 219 204 27
12 5 - 8 223 233 21 14 5 4 365 365 17 0 6 8 631 626 13 1 6 12 515 4 B 5 14
12 5 - 6 217 225 20 14 5 5 258 260 23 0 6 9 297 264 19 1 6 14 296 274 22
12 5 -3 281 258 16 15 5 -1 5 238 194 24 0 6 10 279 280 21 1 6 15 359 343 19
12 5 - 2 332 348 15 15 5 -1 2 207 257 28 0 6 11 346 3 5 6 18 2 6- 18 339 337 23
12 5 0 371 346 14 15 5 -1 0 263 243 20 0 6 12 429 434 16 2 6- 15 438 449 17
12 5 1 334 377 17 15 5 - 7 249 232 21 0 6 13 203 184 30 2 6- 14 426 408 16
13 5 -15 213 213 25 15 5 -6 208 247 26 0 6 14 577 577 20 2 6-•12 434 414 15
13 5 -14 405 410 16 15 5 -5 268 243 19 0 6 15 312 361 46 2 6- 11 317 298 18
13 5 -13 206 200 26 15 5 -4 305 306 17 0 6 16 287 302 24 2 6 -8 236 273 21
13 5 -1 2 520 499 13 15 5 -3 207 232 24 1 6--18 350 313 21 2 6 - 6 450 464 13
13 5 - 9 344 310 IS 15 5 - 1 349 346 17 1 6 -16 294 276 25 2 6 - 5 253 221 18
13 5 - 8 339 332 15 16 5 -1 3 345 318 19 1 6--14 512 485 15 2 6 -4 581 577 10
13 5 - 7 300 278 17 16 5 -12 244 205 23 1 6--12 476 452 16 2 6 -3 247 233 16
13 5 - 6 374 374 14 16 5 - 9 285 300 21 1 6 - 9 350 348 17 2 6 - 2 18B 185 19
13 5 -4 311 288 16 16 5 - 7 281 274 19 1 6 -8 764 746 10 2 6 -1 343 345 11
13 5 -3 415 449 13 16 5 - 6 209 187 23 1 6 -6 550 556 11 2 6 0 415 407 10
13 5 - 1 297 321 18 16 5 - 3 191 187 26 1 6 -5 478 485 12 2 6 1 276 259 14
13 5 0 618 601 11 16 5 - 1 385 378 16 1 6 -3 239 245 18 2 6 2 885 850 9
13 5 2 339 343 16 16 5 0 207 193 26 1 6 -2 342 373 13 2 6 3 574 567 10
13 5 5 271 273 22 16 5 1 198 209 30 1 6 0 676 684 8 2 6 4 337 317 15
13 5 7 218 223 29 17 5 -8 28 6 254 20 1 6 1 291 255 14 2 6 6 525 482 13
TABLE III.A— 4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H
2 6 8 515 472 14 4 6 -1 5 384 384 18 5
2 6 9 403 370 16 4 6 -11 377 412 15 5
2 6 10 404 372 16 4 6 -10 420 420 14 5
2 6 11 433 452 16 4 6 -9 285 271 17 5
3 6- 16 305 288 21 4 6 -6 492 480 12 5
3 6- IS 197 131 30 4 6 -4 321 314 13 5
3 6- 14 358 389 18 4 6 - 2 359 361 12 5
3 6- 13 418 417 16 4 6 - 1 495 500 10 6
3 6- 10 333 314 16 4 6 0 329 317 13 6
3 e - 8 319 281 17 4 6 1 410 420 10 6
3 6 - 7 253 264 20 4 6 4 505 467 11 6
3 e - 6 256 259 19 4 6 5 257 224 17 6
3 6 -5 723 760 9 4 6 6 345 326 15 6
3 e - 4 401 405 11 4 6 7 498 485 13 6
3 6 -3 174 201 21 4 6 10 396 422 17 6
3 6 -2 687 709 8 4 6 11 263 249 22 6
3 6 -1 584 576 9 4 6 12 298 284 21 6
3 e 1 342 347 12 5 6 -1 8 308 324 24 6
3 € 2 161 120 23 5 6 -1 5 340 332 19 6
3 6 S 227 216 21 5 6 -1 3 261 200 20 6
3 6 7 427 411 15 5 6 -10 461 462 13 6
3 6 10 373 345 17 5 6 - 7 731 712 10 6
3 6 11 223 242 27 5 6 -6 646 652 10 6
3 6 12 197 198 28 5 6 -4 601 625 10 6
3 € 13 243 278 26 5 6 -3 440 476 10 7
3 6 16 236 257 30 5 6 - 2 175 214 21 7
4 6--18 240 250 30 5 6 - 1 533 549 9 7
4 6 -17 273 260 25 5 6 1 454 466 11 7
4 6 -16 261 273 24 5 6 2 631 626 10 7
I
K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
6 3 200 223 22 7 6 - 4 262 280 17
6 4 275 275 17 7 6 - 3 421 435 11
6 5 435 448 13 7 6 - 2 686 710 9
6 6 505 469 12 7 6 -1 264 321 17
6 8 440 426 15 7 6 0 339 349 14
6 11 276 307 22 7 6 3 324 315 15
6 13 435 446 18 7 6 6 311 320 18
6 -14 333 341 18 7 6 7 343 322 16
6 -11 436 445 14 7 6 3 559 544 14
6 - 7 461 471 12 7 6 9 245 250 24
6 -6 265 273 16 7 6 12 359 381 20
6 - 5 605 605 10 8 6 -1 7 294 312 23
6 -3 169 166 22 8 6 -1 5 3 1 B 371 20
6 - 2 393 422 12 3 6 -1 4 208 227 28
6 -1 184 167 21 8 6 -12 270 261 20
6 0 330 330 13 8 6 -11 462 482 13
6 2 437 459 12 8 6 -10 227 236 21
6 3 361 370 14 8 6 - 9 705 701 10
6 5 397 389 14 8 6 - 8 223 263 21
6 6 410 380 14 8 6 - 6 436 482 12
6 8 204 155 25 8 6 - 5 698 736 9
6 9 707 682 12 8 6 -3 804 832 9
6 11 454 432 16 8 6 - 2 350 377 13
6 14 245 271 29 8 6 - 1 413 444 12
6 -18 372 388 20 8 6 0 273 290 16
6 -17 206 175 30 a 6 3 296 311 17
6 -15 340 315 18 8 6 5 294 2 86 17
6 - 7 238 229 19 8 6 8 285 276 22
6 - 6 565 580 11 8 6 11 427 430 18
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TABLE III.A-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fca 1 c S ig F H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
9 6 -16 292 336 22 10 6 5 274 258 19 13 6 -13 224 225 26 1 7 -1 6 324 326 23
9 6 -14 269 316 22 10 6 6 286 278 20 13 6 -10 235 184 21 1 7 - 12 237 275 28
9 6 -1 2 215 219 24 10 6 8 375 359 19 13 6 - 9 365 402 17 1 7 -1 1 257 224 22
9 6 -a 407 422 14 10 6 10 196 139 30 13 6 - 5 241 257 20 i 7 -1 0 370 333 18
9 6 - 7 504 528 12 11 6 -16 280 304 23 13 6 -4 247 278 21 1 7 - 7 236 251 24
9 6 - 6 254 253 18 11 6 -15 284 301 22 13 6 0 336 324 16 1 7 - 4 449 456 14
9 6 - 5 256 276 18 11 6 -14 319 307 19 13 6 2 274 252 19 1 7 - 2 435 466 13
9 6 -3 303 274 14 11 6 -13 225 253 24 14 6 -1 4 189 162 29 1 7 1 185 186 23
9 6 -2 501 511 11 11 6 -10 307 300 18 14 6 -1 0 230 200 22 1 7 2 390 380 14
9 6 0 603 598 11 11 6 -8 212 244 23 14 6 0 210 217 25 1 7 3 409 387 15
9 6 1 258 265 18 11 6 - 7 357 383 15 14 6 4 292 263 22 1 7 8 290 251 21
9 6 3 252 287 20 11 6 - 5 325 345 15 15 6 -1 2 358 336 17 1 7 10 234 245 28
9 6 4 506 496 13 11 6 -4 299 313 17 15 6 -9 225 211 25 1 7 11 277 298 24
9 6 S 230 218 22 11 6 - 1 306 334 16 15 6 -8 321 331 18 1 7 12 565 569 15
9 6 6 233 250 23 11 6 1 376 371 15 15 6 - 6 267 228 20 1 7 15 311 320 24
9 6 7 414 412 16 11 6 4 184 158 27 15 6 - 5 231 197 23 2 7 -15 348 342 22
9 6 9 295 288 22 11 6 5 377 379 16 15 6 - 3 195 219 27 2 7 -14 285 261 23
10 6 -1 7 310 320 21 11 6 7 240 253 26 15 6 0 295 238 20 2 7 -12 401 378 18
10 6 -1 5 422 430 16 11 6 8 241 221 26 15 6 1 238 211 22 2 7 -8 •193 169 28
10 6 -1 3 257 277 21 12 6 -15 248 267 24 16 6 -B 197 187 28 2 7 - 7 389 359 15
10 6 -9 385 361 13 12 6 -6 300 278 17 16 6 - 6 292 315 21 2 7 - 6 695 735 12
10 6 -7 454 439 12 12 6 -5 291 278 17 16 6 - 4 212 186 25 2 7 - 5 192 17 24
10 6 -6 253 304 19 12 6 -4 204 189 22 0 7 1 551 562 35 2 7 - 4 319 321 16
10 6 -4 327 361 15 12 6 -3 269 245 18 0 7 2 689 704 66 2 7 - 3 443 438 12
10 6 -3 530 522 11 12 6 1 289 310 18 0 7 6 377 388 30 2 7 - 2 519 525 11
10 6 -1 574 60S 11 12 6 2 201 167 24 0 7 7 271 249 28 2 7 -1 539 530 10
10 6 0 413 417 13 12 6 3 245 281 22 0 7 8 202 178 28 2 7 0 364 355 13
10 6 2 231 200 21 12 6 4 263 275 21 0 7 9 286 294 22 2 7 2 696 705 10
10 6 3 340 345 16 13 6 -15 263 269 24 0 7 13 3.5 6 361 20 2 7 3 338 317 17
TABLE I I I . A - 4 ,  c o n t ' d . :  o b s e r v e d  and C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a l u e s o f 10*Fobs  and 1 0 * F c a l c
H K L Fobs  F c a l c  S igF H K L Fobs F c a l c  S ig F H
, 2 7 4 441 406 14 4 7 -14 389 397 19 5
! 2 7 6 592 548 13 4 7 -1 2 429 422 16 5
! 2 7 8 566 547 14 4 7 -11 310 303 20 5
2 7 11 222 199 29 4 7 -1 0 323 336 19 5
| 2 7 13 327 319 22 4 7 - 9 218 179 24 5
2 7 14 400 403 20 4 7 - 6 565 534 11 5
3 7 -16 235 285 30 4 7 - 4 613 640 11 5
i 3 7 -1 5 291 283 24 4 7 - 3 159 32 23 5
1 3 7 -14 285 288 23 4 7 -2 3 3 8 321 13 5
! 3 7 -1 2 233 216 24 4 7 -1 233 245 19 5
3 7 -11 373 355 17 4 7 0 708 686 9 6
3 7 -9 510 521 14 4 7 1 176 136 23 6
3 7 - 8 347 333 16 4 7 2 278 263 17 6
3 7 -6 413 402 14 4 7 4 281 260 18 6
3 7 -5 489 486 13 4 7 6 274 242 19 6
3 7 -3 824 862 9 4 7 8 207 140 26 6
3 7 -2 557 577 10 4 7 9 249 239 24 6
3 7 -1 388 400 12 4 7 12 326 345 22 6
3 7 0 502 510 11 4 7 13 215 199 30 6
3 7 1 649 643 10 5 7 -17 372 412 21 6
3 7 2 181 205 25 5 7 -15 335 330 21 6
3 7 3 548 503 12 5 7 -12 269 262 21 6
3 7 6 343 329 17 5 7 -1 1 411 416 16 6
3 7 8 314 299 19 5 7 -9 185 126 25 6
3 7 9 360 349 18 5 7 - 6 308 307 16 6
3 7 11 571 585 15 5 7 - 5 240 243 19 7
3 7 12 233 266 29 5 7 - 4 399 392 12 7
3 7 14 280 266 26 5 7 -3 849 871 9 7
4 7 -1 5 357 369 20 5 7 -1 545 538 10 7
L Fobs F c a l c S igF H K L Fobs F c a l c S igF
0 396 378 13 7 7 -11 263 280 22
1 314 300 14 7 7 -10 243 265 23
2 527 488 11 7 7 - 9 209 169 22
3 417 413 13 7 7 - 7 194 254 25
5 268 290 20 7 7 - 6 298 309 16
6 252 276 21 7 7 - 4 360 370 13
8 342 314 18 7 7 -3 403 431 13
9 405 411 17 7 7 - 2 342 366 15
10 312 278 21 7 7 - 1 254 206 17
11 355 335 19 7 7 2 208 233 23
- 1 6 264 251 24 7 7 4 333 340 16
-1 4 351 347 19 7 7 8 481 441 15
- 8 252 246 19 8 7 -16 225 219 29
- 7 206 ■ 277 23 8 7 -13 417 414 16
- 5 171 189 25 8 7 -9 482 498 13
- 4 248 223 17 8 7 -8 192 204 26
- 1 414 392 12 8 7 - 7 342 357 16
1 185 193 23 B 7 -4 400 411 14
3 361 378 15 8 7 -2 272 308 18
4 384 397 16 8 7 -1 493 497 12
5 392 381 15 8 7 1 379 392 14
6 272 244 20 8 7 2 274 272 17
7 268 282 22 3 7 4 232 216 21
8 291 262 21 8 7 5 337 333 18
10 324 332 21 8 7 7 429 404 17
- 1 6 234 260 29 6 7 8 259 262 24
- 1 5 401 408 18 9 7 - 8 239 259 20
-1 4 211 118 27 9 7 - 4 292 275 16
- 1 2 413 381 15 9 7 0 226 233 21
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TABLE XXX.A-4,  c o n t ' d . :  O b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a l u e s  o f  10*Fobs  and  1 0 * F c a l c
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H
9 7 3 258 249 19 12 7 1 352 399 18 1
9 7 4 383 352 15 12 7 3 204 216 27 1
9 7 6 228 199 25 12 7 4 265 266 23 2
9 7 7 232 227 25 13 7 -11 292 295 21 2
9 7 9 418 398 19 13 7 -9 417 449 16 2
10 7 - 9 209 270 26 13 7 -6 371 388 17 2
10 7 - 7 273 304 19 13 7 - 5 290 237 18 2
10 7 - 6 355 392 16 13 7 - 4 267 280 21 2
10 7 —4 202 208 23 13 7 - 3 259 284 21 2
10 7 - 3 271 300 18 14 7 -8 252 276 24 2
10 7 2 339 313 16 14 7 - 7 331 303 18 2
10 7 6 411 421 16 14 7 - 5 225 256 25 2
11 7 -1 4 189 88 27 0 8 0 347 376 13 2
11 7 -1 1 330 322 18 0 8 1 634 639 32 2
11 7 - 9 332 344 18 0 8 3 1029 1022 86 2
11 7 - 8 175 180 27 0 8 5 315 327 21 2
11 7 - 5 330 356 17 0 8 9 459 455 17 3
11 7 - 3 336 321 15 0 8 11 504 507 25 3
11 7 - 1 176 165 26 1 8 -14 378 363 21 3
11 7 3 279 298 21 1 8 -12 429 416 18 3
11 7 5 293 297 20 1 8 -9 229 273 28 3
11 7 6 208 205 28 1 8 -8 424 407 17 3
12 7 -1 1 202 228 28 1 8 -6 329 333 19 3
12 7 - 8 456 431 13 1 8 - 2 237 251 22 3
12 7 - 7 298 297 18 1 8 0 638 645 10 3
12 7 - 6 285 297 19 1 8 1 293 294 17 3
12 7 -S 224 203 22 1 8 2 622 631 12 3
12 7 - 2 246 231 21 1 8 3 262 216 21 3
12 7 0 329 317 18 1 8 4 200 165 29 3
K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
8 6 356 338 19 4 8 -12 448 447 18
8 12 218 246 33 4 8 -10 430 417 17
8 -12 322 317 23 4 8 - 6 316 310 18
8 -11 475 457 17 4 8 -4 324 330 16
8 -9 356 322 19 4 8 - 2 306 328 16
8 - 5 215 191 24 4 8 2 349 318 15
8 -4 216 211 23 4 8 3 249 225 20
8 - 3 539 580 12 4 8 4 396 375 16
8 - 2 297 256 16 4 8 8 290 275 22
8 - 1 406 432 13 4 6 10 285 319 25
8 0 190 234 22 5 8 -13 405 392 20
8 2 427 428 14 5 8 -12 261 262 26
8 3 369 316 16 5 3-10 262 237 22
8 5 343 314 19 5 8 -9 403 387 16
8 6 215 217 29 5 8 - 7 253 251 21
8 9 210 211 30 5 8 - 6 211 205 24
8-14 328 324 23 5 8 - 5 249 268 20
8-13 327 315 23 5 a - i 191 148 22
8 -12 238 240 28 5 3 0 167 121 26
8 - 8 286 339 23 5 8 1 282 284 17
8 - 7 215 176 26 5 8 2 419 407 14
8 - 4 238 290 22 5 8 5 242 207 23
8 -2 244 251 17 5 a 7 299 244 21
8 -1 263 230 17 5 8 11 275 259 26
8 1 440 463 13 6 8-11 274 253 23
8 6 256 203 22 6 8 -10 299 266 21
8 7 247 210 25 6 a -g 303 281 20
8 10 368 324 19 6 8 - a 250 251 22
8 11 309 279 22 6 8 - 5 224 234 21
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(JO
TABLE III*A-4, cont'd*: Observed and Calculated Structure
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF K K L Fobs F c a l c S ig F
6 8 -4 210 216 23 9 8 - 1 234 209 22
6 8 — 3 313 324 16 9 8 0 298 272 18
6 a -1 203 186 22 9 8 1 205 187 26
6 a 3 328 305 17 9 8 4 353 357 19
6 a 4 247 253 22 9 8 5 240 207 24
6 8 5 435 435 16 10 8-■12 196 153 29
6 8 6 287 323 22 10 8-■11 267 270 23
6 8 9 440 453 17 10 8--10 375 372 17
7 8--12 458 446 16 10 8 -9 346 317 18
7 a - a 316 294 17 10 8 -8 239 226 24
7 8 - 3 231 183 20 10 8 -6 293 318 21
7 8 - 2 273 281 18 10 8 -5 201 182 24
7 8 - 1 182 143 26 10 8 -4 597 596 13
7 8 0 236 251 20 10 8 -3 301 303 19
7 8 6 328 333 20 10 8 -2 205 203 26
7 8 8 393 373 20 10 8 0 248 246 23
S 8--11 243 258 26 10 8 1 185 174 28
8 8 -9 360 326 IS 10 8 2 364 361 18
8 8 -8 298 273 18 10 8 3 334 323 19
a 8 -6 408 444 15 10 8 4 320 295 20
8 8 - 5 336 304 16 11 8--10 232 195 24
8 8 -3 397 402 14 11 8 - 8 235 242 24
8 3 1 255 249 20 11 8 - 7 325 319 18
8 8 2 259 230 20 11 8 - 5 378 368 16
8 8 3 425 417 15 11 8 - 4 223 187 24
9 8 - 8 314 315 18 11 8 - 1 331 311 18
9 8 - 7 284 279 20 11 8 1 199 235 29
9 8 - 6 201 228 28 12 6 -4 283 250 21
9 3 - 2 267 275 21 0 9 1 269 292 19
K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
9 -10 368 338 21 4 9 - 7 311 256 19
9 -8 228 213 30 4 9 - 2 278 251 18
9 - 6 212 219 31 4 9 0 492 466 13
9 - 5 204 238 31 4 9 1 200 183 24
9 -4 383 356 17 4 9 4 250 266 25
9 - 2 265 286 20 4 9 6 216 209 30
9 2 404 377 16 5 9--11 393 391 19
9 3 260 261 26 5 9 - 9 444 456 18
9 4 425 401 18 5 9 - 5 188 153 26
9 5 365 306 19 5 9 -4 188 178 27
9 9 260 249 28 5 9 -3 258 230 20
9 - 7 246 200 26 5 9 0 279 292 19
9 -6 223 198 29 5 9 2 230 214 22
9 -2 179 183 27 5 9 3 445 411 15
9 -1 215 217 21 5 9 4 198 129 29
9 0 243 234 20 5 9 5 291 251 21
9 2 343 306 16 6 9 -a 247 271 25
9 -11 475 478 19 6 9 0 280 263 20
9 -10 213 181 31 6 9 l 273 287 21
9 -9 632 580 14 6 9 2 244 250 23
9 - 8 299 303 23 6 9 4 202 217 31
9 - 5 386 393 17 6 9 5 259 232 25
9 - 3 585 620 13 6 9 6 358 375 21
9 -1 222 167 20 7 9--10 326 324 21
9 1 232 223 22 7 9 -6 252 216 22
9 3 544 501 14 7 9 -4 332 321 17
9 5 516 510 16 7 9 2 523 495 14
9 9 320 335 25 7 9 4 451 425 16
9 -8 336 339 20 8 9 - 9 296 310 22
ID
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TABLE Ill.A-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF
8 9 1 226 235 25
9 9 - 3 263 257 21
0 10 0 206 262 25
0 10 1 246 233 23
0 10 3 589 536 43
0 10 5 359 354 34
1 10 -1 229 228 21
1 10 0 253 272 21
1 10 1 221 214 24
1 10 4 340 293 23
1 10 5 347 305 23
2 10 - 5 302 280 23
2 10 -4 258 249 24
2 10 - 3 274 318 23
2 10 - 2 191 179 28
2 10 2 295 246 20
2 10 3 347 312 20
2 10 4 348 351 22
3 10 - 4 208 235 29
3 10 1 212 200 25
4 10 - 4 302 279 20
KD
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D I S C U S S I O N
The Cation
The cation of //-amido-/C/-hydroxo-bis-[bis-(ethylene-
diaraine) c o b a l t ( H I ) ]  t e t r a t h i o c y a n a t e  m o n o h y d r a t e  roay be
characterized as a racemate of the a 6 and A A
35
con f o r m a t i o n a l  isomers. Bond lengths and angles for the 
a a structural model appear in tables III.A-5, III.A-6, 
and III.A-7. As i l l u s t r a t e d  in figure III.A-1, each of 
the two cobalt atoms p o s s e s s e s  a s l i g h t l y  d i s torted 
o c t a h e d r a l  coordination. Axial n i t r o g e n  atoms of the 
e t h y l e n e d i a m i n e  groups are bent s l i g h t l y  a w a y  from the 
center b r i d g i n g  atoms: N2-Col-N3, 173.1(3)° and
N 2 a - C o l a - N 3 a , 172.0(3)°. Both cobalts and their 
e q u a t o r i a l l y  b ound atoms are a p p r o x i m a t e l y  planar, with 
d e v i a t i o n s  from the least squares plane in A n g s t r o m s  as 
follows: Col, -0.0001(1); Cola, -0.016(1); 01, 0.077(5);
Nl, 0.012(5); N4, -0.000 9 ( 6 ) ;  N4a, 0.020(6); N5,
-0.030(6); N5a, -0.053(6).
Cobalt atoms w i t h i n  the central ring are 2.939(4) A
apart. Bon d  lengths and angles in the b r i d g i n g  ring are
q uite similar to those found in the c o r r e s p o n d i n g
3 3
t e t r a n i t r a t e  structure, and to those in the related /u-
3  6
amido-/u-hydroperoxo- cation structure (table III.A-8). 
The s l i g h t l y  larger Co-0 average d i s tance of 1.916(5) A
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compared to the tetranitrate (1.907(5) A) is balanced by 
the smaller average Co-N bridging distance of 1.938(6) A, 
compared to the tetranitrate (1.948(5) A ) .  Similarly, a 
larger average N-Co-0 angle of 80.6(2)°, as compared 
with the tetranitrate (79.8(2)°), is balanced by the 
smaller Co-O-Co angle of 100.1(2)° and Co-N-Co angle 
of 98.7(2)°, with corresponding tetranitrate angles of 
100.7(2)° and 99.7(2)°, respectively.
A search was made of the Cambridge Crystal Data Files 
(C C DF)^ for structures with R values of 0.060 or less and 
having cobalt-ethylenediamine groups, which yielded two 
hundred fifteen such groups. Averages of bond distances 
and angles in these groups were calculated, and the 
results are compared in table III.A-9 with the values 
obtained for the present structure. Average Co-N distance 
in the ethylenediamine rings is 1.969(6) A, slightly 
longer than the same average of 1.960(9) A in the 
corresponding tetranitrate structure, and longer than the 
average distance calculated for structures in the CCDF 
having cobalt-ethylenediamine groups (1.962(27) A ) .  The 
average N-C bond length of 1.484(9) A is also longer than 
the tetranitrate average N-C length of 1.476(9) A, but 
agrees well with 1.482(31} A, the CCDF calculated average. 
Carbon-carbon bonds average 1.510(11) A in the present 
structure, compared with 1.485(13) A for the tetranitrate 
compound and 1.495(33) A overall in the CCDF.
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Average bond angles Co-N-C of 109.75(45)° are very 
near the tetrahedral angle of 109.5°. Comparable Co-N-C 
angles are exhibited in the tetranitrate structure 
(110(1)°) and the CCDF average (109.6(18)°). The N-C-C 
average of 106.25(60)° is somewhat smaller than 
tetrahedral, and also smaller than the same angles in the 
tetranitrate structure (107.3(9)°) and the CCDF average 
(107.9(22)°). Average angle for N-Co-N, 84.5(3)°, 
is slightly less than the 90° octahedral angle, but 
agrees well with the corresponding angles in the 
tetranitrate (84.5(6)°) and the CCDF average (85.3(12)°).
Folding of the ethylenediamine rings may be
illustrated in two ways, as proposed by Raymond, et 
3 8al.: a, the angle between the N-Co-N plane and the
C-Co-C plane; and p, the N-C-C-N torsion angle. Table 
m . A - 1 0  gives these values as well as the deviations of 
the carbon atoms from the N-Co-N plane. Equivalent values 
for the tetranitrate structure are also shown. The 
average p angle of -51.53(74)° in the present structure
is opposite in sign to the average p angle of 48.9° for
33the tetranitrate structure. The full conformational 
description for the cation reported in the present
& r
tetrathiocyanate structure is & A A  ^ (and its enantiomer
^  A A ^ ) , while that reported for the tetranitrate
X X  & &structure is ^ A A ^ (with enantiomer  ^ A A g).
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The Anions
Four thiocyanate groups are present in the asymmetric 
unit. The average length of the S— C bonds is 1.639(8) A, 
which is somewhat shorter than the reported value of 
1.69 A for KSCN, and slightly shorter than 1.65 A, ob­
served at room temperature for /u-amido-//-peroxo-bis-[ bis-
3 4(ethylenediamine) cobalt(IIl)] trithiocyanate.
Carbon-nitrogen bonds in the present structure average 
1.14(1) A in length, also slightly shorter than the 
corresponding value of 1.15 A in KSCN, but equivalent to 
the same bond in the similar trithiocyanate structure. 
Average bond angle for the thiocyanate groups is 
178.9(8)°, close to the ideally linear bond of 180°. None 
of the four groups shows evidence of positional disorder.
The Overall Structure
As in p-amido-//-hydroxo-bis-[bis-(ethylenediamine) 
cobalt(III)] tetranitrate hydrate, the central rings of 
cations in the present tetrathiocyanate structure lie 
approximately parallel to one another and to the y-z 
plane. These cations are surrounded by thiocyanate anions 
and water molecules (figure III.A-2). Table lii.A-11 
lists close contacts of less than 3.3 A between donors (D) 
and acceptors (A) for possible hydrogen bonding. The
D-H A angles are listed as well, although some of these
angles are quite far from 180°, suggesting weak or no
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interactions. These values are necessarily approximate, 
because as mentioned previously, all ethylenediamine 
hydrogen positions were calculated assuming idealized sp^ 
arrangement.
Unfortunately, the close contacts information in 
table III.A-11 provides no probable placement of hydrogen 
atoms for the water molecule, since the possible hydrogen 
bondings involving the water oxygen atom are not situated
at plausible D A  D angles. The Nl— 02— N2 angle of
52.2°, N2a— 02— N2 of 62.5°, and Nl— 02— N2a of 53.8° 
indicate that positional disorder exists in these water 
hydrogens, which is confirmed by the lack of discernable 
difference Fourier peaks in the area of the water oxygen. 
There are no acceptors for hydrogen bonding with the water 
molecule within a sphere of 3.3 A of the water oxygen.
Hydrogen bonding with the thiocyanate nitrogens 
occurs mainly from hydrogens attached to the 
ethylenediamine nitrogens. No suitable acceptor for 
hydrogen bonding exists near the bridging OH group.
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TABLE III.A-5: Bond Distances in Angstroms 
[ { e n ) 2 C 0  ■ (j (NH 2  , O H ) * Co ( en ) 2  ] (SCN) 4 >H2 0
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
Col 0 1 1.928(5) Cola 0 1 1.905(4)
Col Nl 1.933(5) Cola . Nl 1.943(6)
Col N2 1.966(5) Cola N2a 1.968(5)
Col N3 1.961(5) Cola N3a 1.959(5)
Col N4 1.984(5) Cola N4a 1 .968(5)
Col N5 1.954(6) Cola N5a 1.997(7)
N 2 C2 1.48(1) N2a C2a 1.49(1)
N3 C3 1.49(1) N3a C3a 1.461(9)
N4 C4 1.510(9) N4a C4a 1.488(9)
N5 C5 1.472(9) N5a C5a 1.479(9)
C2 C5 1.51(1) C2a C5a 1.52(1)
C3 C4 1.48(1) C3a C4a 1.51(1)
S 6 C 6 1.653(8) N 6 C 6 1.13(1)
S7 C7 1.645(7) N7 Cl 1.141(9)
S 8 C 8 1.648(8) N 8 C 8 1.14(1)
S9 C9 1.601(8) N9 C9 1.14(1)
Nl HlNl 0.978(5) Nl H2N1 0.969(5)
0 1 H101 0.992(4)
Numbers in parentheses are estimated standard 
deviations in the least significant digits.
TABLE III.A-6: Bond Angles in Degrees
[ (en)2Co-vu(NH2 ,OH) -Co(en)2 ] (SCN)4 *H20
Atom Atom Atom Angle Atom Atom Atom Angle
1 2 3 1 2 3
Col 0 1 Cola 1 0 0 .1 (2 ) Col Nl Cola 98.6(2)
0 1 Col Nl 80.4(2) 0 1 Cola Nl 80.8(2)
0 1 Col N2 96.6(2) 0 1 Cola N2a 93.5(2)
0 1 Col N3 87.5(2) 0 1 Cola N3a 92.0(2)
0 1 Col N4 92.7(2) 0 1 Cola N4a 173.7(2)
0 1 Col N5 174.3(2) 0 1 Cola N5a 92.1(2)
Nl Col N 2 91.1(2) Nl Cola N2a 96.0(2)
Nl Col N3 95.1(2) Nl Cola N3a 90.8(2)
Nl Col N4 173.1(3) Nl Cola N4a 94.2(2)
Nl Col N5 94.1(2) Nl Cola N5a 172.9(2)
N2 Col N3 173.0(2) N2a Cola N3a 171.9(3)
N2 Col N4 89.4(2) N2a Cola N4a 90.7(2)
N2 Col N5 85.0(2) N2a Cola N5a 83.7(2)
N3 Col N4 84.7(2) N3a Cola N4a 84.3(2)
N3 Col N5 91.5(2) N3a Cola N5a 90.1(2)
N4 Col N5 92.8(2) N4a Cola N5a 92.9(3)
1
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TABLE lll.A-6, cont'd: Bond Angles in Degrees
Atom Atom Atom Angle Atom Atom Atom Angle
1 2 3 1 2 3 -
Col N2 C2 109.4(4)
Col N3 C3 109.5(4)
Col N4 C4 109.2(4)
Col N5 C5 110.4(5)
N2 C2 C5 106.3(5)
N3 C3 C4 107.5(7)
N4 C4 C3 106.2(6)
N5 C5 C2 107.2(6)
S 6 C 6 N 6 178.4(7)
S7 C7 N7 178.8(8)
Col 0 1 HlOl 129.4(4)
Col Nl H1N1 112.2(4)
Col Nl H2N1 110.2(3)
H1N1 Nl H2N1 111.5(5)
Cola N2a C2a 1 1 0 .0(4)
Cola N3a C3a 1 1 0 .4(5)
Cola N4a C4a 1 1 0 .0(4)
Cola N5a C5a 1 1 0 .0(5)
N2a C2a C5a 104. 7(6)
N3a C3a C4a 105. 5(6)
N4a C4a C3a 106. 9(6)
N5a C5a C2a 106. 5(6)
58 C 8 N 8 180. (1 )
S9 C9 N9 178. 4(8)
Cola 0 1 HlOl 130. 5(4)
Cola Nl H1N1 1 1 2 .0(4)
Cola Nl H2N1 1 1 1 .7(5)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
TABLE lll.A-7: Torsion Angles in Degrees
t (en)2 Co*/HNH 2 ,OH) ■ Co( en ) 2  ] { SCN) 4  *H20
Atom
1
Atom
2
Atom
3
Atom
4
Angle Atom
1
Atom
2
Atom
3
Atom
4
Angle
Nl Col 0 1 Cola -3.28 0 .2 2 ] Nl Cola 0 1 Col 3.26 0 . 2 1
Nl Col 0 1 HlOl 177.12 0.50 Nl Cola 0 1 HlOl -177.15 0.51
N2 Col 0 1 Cola 86.76 0.23 N2a Cola 0 1 Col -92.22 0.24
N2 Col 0 1 HlOl -92.84 0.48 N2a Cola 0 1 HlOl 87.37 0.49
N5 Col 0 1 Cola -18.97 2.33 N5a Cola 0 1 Col -176.09 0.24
N5 Col 0 1 HlOl 161.43 1.99 N5a Cola 0 1 HlOl 3.51 0.50
N3 Col 0 1 Cola -98.91 0.24 N3a Cola 0 1 Col 93.75 0.24
N3 Col 0 1 HlOl 81.49 0.48 N3a Cola 0 1 HlOl - 8 6 . 6 6 0.50
N4 Col 0 1 Cola 176.50 0.23 N4a Cola 0 1 Col 40.13 2.05
N4 Col 0 1 HlOl -3.10 0.49 N4a Cola 0 1 HlOl -140.27 1.80
0 1 Col Nl Cola 3.20 0 . 2 1 0 1 Cola Nl Col -3.24 0 . 2 1
0 1 Col Nl H1N1 -114.90 0.42 0 1 Cola Nl HlNl 115.01 0.42
0 1 Col Nl H2N1 120.16 0.43 0 1 Cola Nl H2N1 -119.04 0.44
N2 Col Nl Cola -93.27 0.25 N2a Cola Nl Col 89.40 0.25
N2 Col Nl H1N1 148.63 0.42 N2a Cola Nl HlNl -152.35 0.41
N2 Col Nl H2N1 23.69 0.43 N2a Cola Nl H2N1 -26.41 0.45
N5 Col Nl Cola -178.33 0.24 N5a Cola Nl Col 2 . 0 2 2.06
N5 Col Nl H1N1 63.56 0.43 N5a Cola Nl HlNl 120.27 1.85
N5 Col Nl H2N1 -61.38 0.44 N5a Cola Nl H2N1 -113.79 1 . 8 6
N3 Col Nl Cola 89.79 0.25 N3a Cola Nl Col -95.11 0.25
N3 Col Nl H1N1 -28.31 0.44 N3a Cola Nl HlNl 23.14 0.42
N3 Col Nl H2N1 -153.25 0.42 N3a Cola Nl H2N1 149.08 0.43
N4 Col Nl Cola 1.38 2.06 N4a Cola Nl Col -179.45 0.24
N4 Col Nl HlNl -116.72 1 . 8 6 N4a Cola Nl HlNl -61.20 0.43
N4 Col Nl H2N1 118.34 1.84 N4a Cola Nl H2N1 64.74 0.44
1
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TABLE Ill.A-7, cont'd: Torsion Angles in Degrees
Atom
1
Atom
2
Atom
3
Atom
4
Angle Atom
1
Atom
2
Atom
3
Atom
4
Angle
0 1 Col N2 C2 169.58 0 .42] 0 1 Cola N2a C2a -111.31 0.45
Nl Col N2 C2 -109.92 0 .44 Nl Cola N2a C2a 167.62 0.44
N5 Col N2 C2 -15.90 0 .44 N5a Cola N2a C2a -19.54 0.45
N3 Col N2 C2 44.09 2 .14 N3a Cola N2a C2a 21.38 1.94
N4 Col N2 C2 76.94 0 .45 N4a Cola N2a C2a 73.34 0.46
0 1 Col N5 C5 93.65 2 .24 0 1 Cola N5a C5a 82.26 0.48
Nl Col N5 C5 78.14 0 .46 Nl Cola N5a C5a 77.07 2.03
N2 Col N5 C5 -12.63 0 .45 N2a Cola N5a C5a -11.07 0.47
N3 Col N5 C5 173.39 0 .45 N3a Cola N5a C5a 174.25 0.48
N4 Col N5 C5 -101.83 0 .46 N4a Cola N5a C5a -101.46 0.48
0 1 Col N3 C3 -108.43 0 .45 0 1 Cola N3a C3a 165.86 0.46
Nl Col N3 C3 171.40 0 .45 Nl Cola N3a C3a -113.35 0.47
N2 Col N3 C3 17.50 2 .18 N2a Cola N3a C3a 33.10 1.93
N5 Col N3 C3 77.15 0 .46 N5a Cola N3a C3a 73.72 0.48
N4 Col N3 C3 -15.50 0 .45 N4a Cola N3a C3a -19.23 0.47,
0 1 Col N4 C4 74.35 0 .44 0 1 Cola N4a C4a 43.69 2.16
Nl Col N4 C4 76.14 2 .04 Nl Cola N4a C4a 80.12 0.46
N2 Col N4 C4 170.89 0 .45 N2a Cola N4a C4a 176.16 0.46
N5 Col N4 C4 -104.14 0 .45 N5a Cola N4a C4a -100.07 0.46
N3 Col N4 C4 -12.89 0 .44 N3a Cola N4a C4a -10.27 0.45
Col N2 C2 C5 40.05 0 .62 Cola N2a C2a C5a 44.71 0.61
Col N5 C5 C2 37.88 0 .64 Cola N5a C5a C2a 38.30 0 . 6 6
Col N4 C4 C3 38.54 0 . 6 6 Cola N4a C4a C3a 36.37 0 . 6 6
Col N3 C3 C4 41.48 0 . 6 6 Cola N3a C3a C4a 43.41 0.67
N2 C2 C5 N5 -50.33 0 .71 N2a C2a C5a N5a -53.25 0.70
N3 C3 C4 N4 -51.60 0 .74 N3a C3a C4a N4a -51.21 0.74
Numbers in parentheses are estimated standard deviations.
FIGURE III .A-l: ju-Amido-//-Hydroxo-Bis-[ Bis-(Ethylenediamine) Cobalt( III) ]
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TABLE III.A- 8 : Comparison of Central Ring
with Related Structures
[ (en) 2 Co-*/(NH 2 ,OH)*Co(en ) 2 ] (scn) 4 -h2o
I II III
Lengths:
Col-01 1.928(5) 1.911(5) 1.92
Cola-01 1.905(4) 1.903(5) 1.92
Col-Nl 1.933(5) 1.947(5) 1.94
Cola-Nl 1.943(6) 1.948(5) 1.95
Angles:
Nl-Col-01 80.4(2) 80.0(2) 79
Nl-Cola-01 80.8(2) 79.6(2) 79
Col-Ol-Cola 1 0 0 .1 (2 ) 100.7(2) 1 0 2
Col-Nl-Cola 98.6(2) 99.7(2) 1 0 0
I present compound
II [ (en)7Co-A/(NH, ,OH) ■ Co ( e n ) ~ ] (NO, ) . • H-0
III [ ( en) 2Co*//( NH2 ,02H) *Co(en72 ]
loe
TABLE III.A-9: Comparison o£ Ethylenediamine.Rings
with Related Structures
E (en)2 Co*//(NH2 fO H )-Co(en ) 2 ](scn) 4 -h2o
I II III
Lengths:
Co-N 1.969(6) 1.960(9) 1.962(27 )
N-C 1.484(9) 1.476(9) 1.482(31)
C-C 1.510(11) 1.485(13 1 - 495 < 33)
Angles:
Co-N-C 109.75(45) 1 1 0 (1 ) 109.6(18)
N-C-C 106.25(60) 107.3(9) 107.9(22)
N-Co-N 84.45(23) 84.5(6) 85.3(12)
I present compound
II [ (en) 2 Co-j[/{NH2 ,OH) • Co ( e n ) 2  ] (N03 ).-HjO
III average, Cambridge Crystal Data Files
entries with R < 0.06
TABLE III.A-10: Puckering of the Ethylenediamine Chelate Rings
[ (en)2 C o ^ ( N H 2 ,OH)-Co(en)2 ] (SCN)4 -H20
Plane Atom Deviation, A a (3
Present compound:
N2, Col, N5 C2 -0.386(7) 26.95(41) -50.33(71)
C5 0.296(8)
N3, Col, N4 C3 -0.367(8) 28.06(62) -51.60(74)
C4 0.327(8)
N2a, Cola, N5a C2a 0.469(7) 29.17(60) -53.25(70)
C5a -0.273(8)
N3a, Cola, N4a C3a 0.451(8) 27.65(58) -51.21(74)
C4a -0.250(8)
Average: +/-0.352(8) 27.96(55) -51.53(74)
[ (en) 2 Co-//(NH2 ,OH) •Co(en)2 ](N0 3 )4 .H2 0 :
N2, Col, N5 C2 0.17 24.9 46.3
C5 -0.45
N 3 , Col, N4 C3 0.31 25.2 47.3
C4 -0.32
N 2 ', Col', N 5 ' C 2' 0.44 26.9 49.7
C 5' - 0 . 2 2
N 3 ', Col', N 4 ' C 3' 0.39 28.3 52.4
C 4' -0.32
Average: +/-0.3 3 26.3 48.9
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FIGURE III.A-2: [ (e n ) 2 Co•//(NH 2 ,0H)-Co( en) 2  ]
Reversed Stereo View
7
(SCN ) 4  • H20 Unit Cell,
110
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TABLE lll.A-11: Short Contacts between Atoms
Indicating Possible Hydrogen Bonding 
[(e n )2 C o •u (NH 2 ,O H )•C o (e n )2 ](SCN)4 •H20
D H A-------------D---A, A D-H---A, deg
Nl H2N1 0 2 3.29 159.2
N2 H2N2 0 2 3.02 150.6
N2a HlN2a 0 2 3.12 139.6
N5a H2N5a N 6 3.06 152.8
N4a H2N4a N 6 3.02 152.6
Nl HlNl N7 3.27 154.7
N3 H1N3 N7 3.06 133.3
N3a H2N3a N7 2.92 156.1
N4 H2N4 N 8 2.93 163.2
N5 H2N5 N 8 3.06 147.1
N4 H1N4 N9 3.25 146.5
N2 HlN2 N9 3.22 142.7
SECTION III.B
^/-Amido-ju-Peroxo-Bis- [ Bis- ( Ethylenediamine ) Cobalt (III) ]
Trithiocyanate Monohydrate
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EXPERIMENTAL
Dark red, plate-like crystals of //-amido-//-peroxo- 
bis-tbis-(ethylenediamine) cobalt(lll)] trithiocyanate 
monohydrate were synthesized by Dr. Musselman. The 
selected crystal of dimensions 0.10 x 0.30 x 0.30 mm was 
affixed onto the tip of a glass fiber with epoxy, after 
which the interface was covered with silicone grease to 
prevent cracking at low temperature. The fiber was then 
mounted upon the goniometer head of an Enraf-Nonius CAD4 
automated diffractometer equipped with a Mo K a  radiation 
source and a graphite monochromator. The temperature of a 
stream of cold nitrogen gas, which bathed the crystal for 
the duration of the experiment, was very slowly decreased 
(to approximately 115 K) in order to protect the sample 
from possible damage caused by phase transition, a 
phenomenon observed upon attempts at quickly cooling other 
crystals of similar composition.
Twenty-five reflections were located by employing 
16program SEARCH, and used for preliminary determination
16
of the unit cell dimensions by program INDEX. Precise 
centering of twenty-five additional reflections collected 
at high 0 range of 15° to 16° yielded a precise set of 
cell parameters, given in table lii.B-1.
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Unit cell values and Laue symmetry were consistent 
with the orthorhombic system; consequently, one eighth of 
the reflection sphere was collected, with 0<h<37,
0<k<17, and 0<1<20. Periodic remeasurements of 
reflections (-2 5 9) and ( - 8  7 - 6 ) were made for 
orientation control. Reflections (4 0 0), (0 4 0), and 
( 0  0  2 ) were measured repeatedly throughout data collec­
tion for purposes of intensity control and detection of 
possible crystal decay. Intensity data were collected for 
all 9 values between 1° and 30°. Recollection of the 
first 2773 reflections was necessary after observation of 
large fluctuations in intensity standards and automatic 
recentering of all twenty-five indexed reflections, 
apparently indicating a then-incomplete phase change. 
Repeat measurements showed no extraordinary intensity 
shifts, so the initial 1511 measurements were discarded 
from further calculations. The total number of 
independent reflections measured and the "observed" 
portion of them (those for which I > 3a(I)) are listed in 
table lll.B-1. After data collection was completed, the 
intensities of five reflections near X angle 90° [(0 4 6 ), 
(0 6  8 ), (0 4 5), (0 4 7), and (1 4 5)] were measured 
at incremental 4/ values of 10°. These reflections were 
used in an empirical absorption correction routine for the 
intensity data. Modification of data to account for 
Lorentz and polarization effects was made, and structure 
factors were produced.
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17Program CLASSIFY was used to sort reflections into
parity groups based on their index values. Absent were
all hOO reflections with h odd and 001 reflections with 1
odd, indicating two screw axes, one parallel to a and the
other parallel to c. Additionally, two glide planes were
revealed through systematic extinctions: a c glide
perpendicular to b (hOl, 1 odd absent) and an a glide
perpendicular to c (hkO, h odd absent). The space group
was thus identified as either non-centrosymmetric P2^ca, a
non-standard setting of Pca2^, or centrosymmetric Pmca,
18a setting of Pbcm.
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TABLE i i i .B-1: Crystal Data
[ (en)2 Co*//(NH2 ,02 ) • Co ( en ) 2  ] ( SCN) 3  • H20
Formula
Formula Weight 
Crystal System 
Space Group
z
Dc (g cm- 3 )
a  (A) 
b (A) 
c (A)
v  (A3 )
X, Mo k a  (A)
Theta range (°)
Measured reflections
Observed reflections, NO 
( I  > 3 f f ( I ))
Number of Variables, NV
R
[ E( |Fo—Fc| ) / E|Fo| ]
WR
[ Z w( |FO|- I Pc| )2  / E w | F o | 2 ] ^
w = 1 / ( a2 ( F ) + ( g | F 2  ) 
g = 0.0700
Goodness-of-fit 0 ,
[Z w(|Fo|~1Fc|)z / (NO-NV)]
Co 2S3°3N 12C11H 36 
598.55
Orthorhombic
P21ca
8
1.648
26.501(7 )
12.641(5)
14.402(8)
4824.5(36)
0.71703
1 - 3 0
7151
5198
508
0.0662
0.0918
1.989
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SOLUTION OF THE STRUCTURE
The original, room temperature determination of the
structure of ju-amido-yu-peroxo-bis-[bis-(ethylenediamine)
cobalt(Ill)] trithiocyanate hydrate provided a starting
point for locating atomic positions in the present low
34temperature determination. In this previous
investigation, the compound was shown to crystallize in
space group Pbca. Comparison of the systematic absences
for Pbca with those found in the low-temperature
measurements indicated that the b glide manifested at room
temperature (and indicated by the absence of Okl, k odd
reflections) was no longer present at 115 K. Of the two
possible space groups mentioned in the previous section,
acentric P2^ca was the most reasonable choice based on the
room temperature structure: the 2  ^ screw axis symmetry
element involves translation of one-half along axis b, as
does the b glide, whereas the mirror in centric group Pmca
18involves no translation. Therefore, refinement was 
carried out in group P2^ca.
Statistics generated from the direct methods program 
16NORMAL were between those for ideal centric and acentric 
structures. Four equivalent positions in the space group 
P2^ca, with eight formula units per cell, requires the 
presence of two independent molecules in the asymmetric
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unit. Although the previously mentioned loss of symmetry
(b glide) occurred in the crystal upon cooling, and all
cell axes shortened somewhat, a Patterson map located the
positions of cobalt atoms very near the positions that
34were previously reported.
A difference Fourier map phased with the cobalt atoms 
revealed the bridging atoms, as well as positions of the 
nitrogens in all ethylenediamine groups. Sulfur atom 
positions were also obtained. Refinement of these atom 
positions by full-matrix least squares, followed by 
successive difference Fourier maps, revealed the remaining 
non-hydrogen atoms. Several least squares cycles brought 
the discrepancy factor R to 0.146.
At this stage in refinement, the structural model was 
altered to account for anisotropic thermal motion in the 
non-hydrogen atoms, and all hydrogen atoms except those of
the water molecules were introduced into calculated,
3 16idealized sp positions via program HYDRO. None of the
previously reported disorder in the ethylenediamine groups 
of molecule B was observed, an apparent result of cooling 
the crystal. However, carbon atoms in one ethylenediamine 
group of molecule A (C2aA-C5aA) exhibited somewhat large 
apparent thermal motion normal to the bond axis; this may 
reflect a small amount of disorder, but since the calcu­
lated N-C-C-N torsion angle for the group was similar 
to those in the other groups (table lll.B-9), no attempt
1X9
was made to resolve any disorder. All of the carbon atoms 
within the thiocyanate groups exhibited negative thermal 
parameters, consistent with negative motion along one of 
the principal axes of their thermal ellipsoids; such 
motion is physically unreasonable, so those carbon atoms 
were returned to isotropic refinement.
Bond lengths in one thiocyanate group (numbered 8 A),
which had exhibited apparent end-upon-end disorder at room 
3 4temperature, were not characteristic of published SCN 
39 3 4bond lengths. ’ A fine-grid difference Fourier map 
(figure III.B-1) in the region of this thiocyanate group 
indicated a large peak ( 3 . 1 4  e - / A 3 ) situated between atoms 
S 8 A and C 8 A, as well as a smaller peak ( 1 . 3 1 e - / A 3 ) between 
C 8 A and N 8 A, and a very small peak ( 1 . 1 3  e / A  ) near N 8 A.
In an attempt to obtain a clearer picture of the 
electron density in the region of the 8 A thiocyanate 
group, a structure factor calculation was performed 
without any 8 A atoms included. A difference Fourier map 
of the region (figure III.B-2) indicated three major 
peaks, with density ratios typical of an SCN group:
1=16.01 e / A 3 , 3=6.12 e / A 3 , and 2=6.69 e / A 3 . The peaks 
were not situated at ideal distances for SCN- placement; 
distances were as follows (with ideal SCN- bond lengths in 
parentheses): 1-3, 1.35 A (S-C, 1.65 A ) ;  2-3, 1.29 A
(N==C, 1.15 A ) .  Consequently, an idealized SCN- group was 
positioned with S 8 A at the major peak. A difference
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Fourier map of the area (figure III.B-3) revealed residual
— 3electron density peaks of 4.41 and 2.79 e /A between the 
ideally placed atoms. Although some type of positional 
disorder is indicated by this residual electron density, 
it is probably not the purely end-over-end type modelled 
in the room temperature determination; in such disorder a 
residual peak would be expected at the NBA position and 
electron deficiency at S 8 A. Rather, as in figure III.B-1, 
a "slipping" disorder down the SCN axis seems the more 
likely. Further attempts to satisfactorily model the 
behavior have been unsuccessful, and so the single ideal­
ized SCN- group has been chosen as the most chemically 
reasonable choice. Curiously, thiocyanate group 8 B, which 
had also exhibited disorder at room temperature, appears 
completely ordered at 115 K.
After further least squares refinement cycles, the 
final model in space group P 2 2 C 3  gave R and wR values of 
0.0662 and 0.0918, respectively, for 508 variables and 
5198 observed reflections, with "goodness-of-fit" 
parameter (table III.B-1) of 1.989. Attempted refinement 
in Pmca was not successful, as expected, with both R 
values tending above 1.00. Atomic coordinates for mole­
cules A and B in the final model are presented in table 
III.B-2, with corresponding anisotropic thermal parameters 
in table III.B-3. Comparison of observed and calculated 
structure factors is made in table III.B-4.
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FIGURE III.B-1: Difference Fourier Contour Map,
Refined Positions for Atoms S8A, C8A, N8A
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FIGURE III.B-2: Difference Fourier Contour Hap,
Atoms S8A, C8A, N8A Not Included
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FIGURE lli.B-3: Difference Fourier Contour Map,
Refined Position for Atom S8A,
Idealized Geometry for C8A, N8A
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Table III.B-2: Positional Parameters and Their 
Estimated Standard Deviations 
[ (en)2Co*/u(NH2 ,02 ) -Co(en)2 ] (SCN)3 -H20
Atom X y z B(A2 )
Molecule
ColA
A:
0.144 0.09824(9) 0.15691(8 ) 1 .12(2)
ColaA 0.09478(5) -0.09208(9) 0.03072(8) 1 .10(2)
S6A -0.0301(1) -0.4443(3) -0.0950(2) 3.04(6)
S7A 0.1592(1) 0.4003(2) -0.0019(2) 2.21(5)
S8A 0.2244(1) 0.3402 <3) 0.3374(3) 3.27(5)*
OlA 0.0953(3) 0.1188(5) 0.0654(4) 1-4(1)
01 aA 0.0601(2) 0.0278(5) 0.0643(5) 1.3(1)
02A 0.0333(3) 0.2502(6) -0.0268(5) 1.9(1)
NlA 0.1486(3) -0.0516(6) 0.1181(5) 1.3(1)
N2A 0.2012(4 ) 0.0805(5) 0.2478(6 ) 1 .6(1)
N2aA 0.1310(3) -0.2262(6) 0 .0011(6 ) 1.4(1)
N3A 0.1337(3) 0.2476(7) 0.1996(5) 1 .6(1)
N3aA 0.0417(3) -0.1151(6) -0.0624(5) 1-3(1)
N4A 0.0907(4) 0.0607(6) 0.2440(6) 1.9(1)
N4aA 0.1304(3) -0.0168(6) -0.0689(5) 1.3(1)
N5A 0.1975(3) 0.1425(6) 0.0693(6) 1.4(1)
N5aA 0.0597(3) -0.1767(6) 0.1235(6) 1.5(1)
N6A 0.0564(4 ) -0.3384(7) -0.1607(7) 2.7(2)
N7A 0.2615(4) 0.4308(9) -0.0434(8) 3.1(2)
N8A 0.3260(3) 0.3221(7) 0.2868(6) 1 .8(1)*
C2A 0.2489(4 ) 0.0774(9} 0.1979(8) 2.3(2)
C2aA 0.1238(5) -0.300(1) 0.078(1) 3.2(3)
C3A 0.1014(4) 0.2451(7) 0.2845(7) 1 .6(2)
C3aA 0.0509(4) -0.0471(7) -0.1433(7) 1.4(2)
C4A 0.0635(4) 0.1577(8) 0.2709(7) 2 .1(2)
C4aA 0.1070(4) -0.0466(8) -0.1591(6) 1 .6(2)
C5A 0.2453(4) 0.1607(9) 0.1190(8) 2 .1(2)
C5aA 0.0738(6) -0.2898(8) 0.1172(9) 4.0(2)
C6A 0.0219(4) -0.3826(8) -0.1344(7) 1.5(1)*
C7A 0.2203(3) 0.4157(7) -0.0197(6) 1 .0(1)*
C8A 0.2841(3) 0.3310(7) 0.3060(6) 1*
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Table III.B-2, cont'd: Positional Parameters and Their
Estimated Standard Deviations
2
Atom x y z B(A )
HlNlA 0.1782 -0.0260 0.0884 1*
H2N1A 0.1575 -0.0862 0.1743 1*
H1N2A 0.2325 0.1104 0.2294 2*
H2N2A 0.2033 0.0573 0.3104 2*
HlN2aA 0.1598 -0.1829 0.0114 1*
H2N2aA 0.1348 -0.2633 -0.0558 1*
H1N3A 0.1463 0.3149 0.1819 2*
H2N3A 0.1601 0.1969 0.1970 2*
HlN3aA 0.0454 -0.1898 -0.0622 1*
H2N3aA 0.0379 -0.0909 -0.1244 1*
H1N4A 0.1227 0.0684 0.2152 2*
H2N4A 0.0920 0.0044 0.2877 2*
HlN4aA 0.1437 -0.0854 -0.0797 1*
H2N4aA 0.1359 0.0262 -0.1219 1*
H1N5A 0.2107 0.1782 0.1219 1*
H2N5A 0.2194 0.1523 0.0178 1*
HlNSaA 0.0566 -0.2072 0.1835 1*
H2N5aA 0.0791 -0.2219 0.0849 1*
H1C2A 0.2625 0.0098 0.1834 2*
H2C2A 0.2610 0.0997 0.2567 2*
HlC2aA 0.1480 -0.2858 0.1252 4*
H2C2aA 0.1281 -0.3705 0.0564 4*
H1C3A 0.0845 0.3109 0.2920 2*
H2C3A 0.1215 0.2312 0.3377 2*
HlC3aA 0.0372 -0.0203 -0.1995 1*
H2C3aA 0.0426 -0.1199 -0.1374 1*
H1C4A 0.0456 0.1459 0.3271 2*
H2C4A 0.0404 0.1768 0.2233 2*
HlC4aA 0.1279 -0.1075 -0.1565 2*
H2C4aA 0.1251 0.0101 -0.1866 2*
H1C5A 0.2545 0.2281 0.1425 2*
H2C5A 0.2675 0.1415 0.0700 2*
HlC5aA 0.0453 -0.3025 0.0788 5*
H2C5aA 0.0674 -0.3160 0.1778 5*
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Table lll.B-2, cont'di Positional Parameters and Their
Estimated Standard Deviations
Atom X y z B(A2 )
Molecule B:
ColB -0.14403(5) -0.0902(1) -0.14120(9) 1.28(2)
ColaB -0.09904(5) 0.09446(9) -0.00486(8) 1.14(2)
S6B 0.0446(1) 0.4375(2) 0.1262(2) 2.40(5)
S7B -0.1609(1) -0.4033(3) 0.0002(3) 2.97(6)
S8B -0.3084(1) -0.3245(2) -0.3210(2) 2.53(5)*
OIB -0.0941(3) -0.1135(5) -0.0502(5) 1.4(1)
OlaB -0.0602(2) -0.0230(5) -0.0434(5) 1.2(1)
02B -0.0378(3) -0.2423(6) 0.0492(5) 2.4(1)
NIB -0.1503(3) 0.0521(6) -0.0948(6) 1.5(1)
N2B -0.1985(4) -0.0753(6) -0.2338(6) 1.8(2)
N2aB -0.1356(3) 0.2252(7) 0.0317(6) 1.9(2)
N3B -0.1255(3) -0.2345(6) -0.1880(6) 1.7(1)
N3aB -0.0447(3) 0.1195(6) 0.0904(5) 1.3(1)
N4B -0.0920(3) -0.0410(7) -0.2257(6) 1.9(2)
N4aB -0.1329(3} 0.0118(7) 0.0919(6) 1.6(1)
N5B -0.1960(3) -0.1441(7) -0.0559(6) 1.6(1)
N5aB -0.0642(3) 0.1878(6 ) -0.0948(6) 1.7(1)
N6B -0.0398(4) 0.3349(8) 0.1982(7) 2.9(2)
N7B -0.2658(4 ) -0.4110(9) 0.0205(8) 3.2(2)
N8B -0.2044(4) -0.3167(9) -0.3238(8) 3.2(2)*
C2B -0.2475(4) -0.0851(8) -0.1849(8) 2.0(2)
C2aB -0.1104(5) 0.3210(8) -0.0105(8) 2.6(2)
C3B -0.0746(5) -0.222(1) -0.2359(9) 3.0(2)
C3aB -0.0531(4) 0.0411(8} 0.1674(6) 1.5(2}
C4B -0.0739(5) -0.125(1) -0.2889(9) 3.1(2)
C4aB -0.1091(4) 0.0333(9) 0.1827(6) 1.6(2)
C5B -0.2417(4) -0.1681(9) -0.1103(8) 2.3(2}
C5aB -0.0936(5) 0.2884(8) -0.1048(9} 2.5(2}
C6B -0.0050(3 ) 0.3792(7) 0.1692(6) 1.1(1)*
C7B -0.2212(3) -0.4111(6) 0.0112(5) 0.8(1)*
C8B -0.2475(3) -0.3173(6) -0.3213(6) 0.8(1)*
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Table III.B-2, cont'd: Positional Parameters and Their
Estimated Standard Deviations
Atom X y z B( A 2 )
HlNlB -0.1593 0.0830 -0.1525 1*
H2N1B -0.1799 0.0296 -0.0633 1*
H1N2B -0.1929 -0 .1405 -0.2649 2*
H2N2B -0.2022 -0.0203 -0.2783 2*
HlN2aB -0.1572 0.2263 0.0841 2*
H2N2aB -0.1406 0.2872 -0.0041 2*
H1N3B -0.1517 -0.1844 -0.1974 2*
H2N3B -0.1398 -0.3026 -0.1787 2*
HlN3aB -0.0422 0.0947 0.1524 1*
H2N3aB -0.0474 0.1944 0.0904 1*
H1N4B -0.0943 0.0267 -0.2540 2*
H2N4B -0.1230 -0 .0574 -0.1961 2*
HlN4aB -0.1398 -0 .0336 0.1428 2*
H2N4aB -0.1451 0.0808 0.1051 2*
H1N5B -0.2181 -0.1557 -0.0050 2*
H2N5B -0.2079 -0.1815 -0.1087 2*
HlNSaB -0.0833 0.2282 -0.0516 2*
H2N5aB -0.0628 0.2242 -0.1524 2*
H1C2B -0.2730 -0.1058 -0.2275 2*
H2C2B -0.2563 -0.0191 -0.1576 2*
HlC2aB -0.1158 0.3949 -0.0040 3*
H2C2aB -0.1391 0.2837 0.0114 3*
H1C3B -0.0691 -0.2800 -0.2764 3*
H2C3B -0.0486 -0.2198 -0.1904 3*
HlC3aB -0.0467 0.1146 0.1609 1*
H2C3aB -0.0385 0.0164 0.2237 1*
H1C4B -0.0405 -0.1093 -0.3092 3*
H2C4B -0.0955 -0.1302 -0.3412 3*
HlC4aB -0.1252 -0.0229 0.2146 2*
H2C4aB -0.1319 0.0905 0.1755 2*
H1C5B -0.2652 -0.1538 -0.0620 3*
H2C5B -0.2486 -0.2355 -0.1364 3*
HlC5aB -0.1073 0.3299 -0.1535 3*
H2C5aB -0.0579 0.2846 -0.1116 3*
* Starred atoms were refined isotropically.
The equivalent isotropic thermal parameter, for atoms 
refined anisotropically, is defined by the equation:
(4/3) I a2Bll + b2B22 + o2B33 +
abB;L2 cosT + a c B ^ c o s P  + bcB 2 3cosa ]
TABLE III.B-3: Anisotropic Thermal Parameters - U's
[ (en)2Co**/(NH2 ,02 ) *Co(en)2 ] (SCN)3 *H20
Atom u 11 u22 U33 U12 U13 U 23
Molecule
ColA
A:
0.0190(E>) 0.0096(L ) 0.0138(E>) -0 .0007(E>) -0.0006(Ei) -0.0010(4
ColaA 0.0193 £i 0.009]AtI 0.0134 4 0.000^ i 5 -0.0010 E5 -0.001^1(4S6A
S7A
0.053
0.028 1
0.030
0.022
i]
1
0.032<
0.034 1
-0.0161
-0.001
1
1
0.001(
0.007 1
-0. 002< 
0 .004i
1)
1
OlA 0.027 3 0.009 3 0.017 3 -0.003i 3 -0.002 3 -0.002i 2
oiaA 0.019 3 0.006 2 0.024 3 -0.002i 2 0.001 3 -0.0041 2
02A 0.031 3 0.022 3 0.019 3 -0.008) 3 -0.007 3 0.002i 3
NlA 0.025 4 0.005 3 0.020 3 -0.001 3 -0.002 3 0.0001 3
N2A 0.033 4 0.007 3 0.019 3 0.002 3 -0.003 3 0.0001 3
M2 a A 0.027 4 0.009 3 0.019 3 0.008 3 -0.0041 3 -0.0031 3
N3A 0.026 4 0.021 3 0.014 3 -0.006 3 -0.0061 3 0 .003i 3
N3aA 0.020 4 0.013 3 0.017 3 0.005 3 -0.005 <3 -O.OOli 3
N4A 0.036 4 0.013 3 0.021 4 -0.009 3 0.0051 4 -0.004' 3
N4aA 0.020 4 0.014 3 0.015 3 -0.000 3 0.003 3 -0.001 3
NBA 0.022 4 0.013 3 0.020 3 0.001 3 ' -0.005 3 -0.004' 3
NBaA 0.028 4 0.008 3 0.020 3 0 .003 3 -0.006 3 -0.001 3
N6A 0.043 5 0.026 4 0.033 5 0.010 4 0.006 4 -0.010 4
N7A 0.026 5 0,047 6 0.044 5 -0.006 -0.006 4 -0.010 5
C2A 0.023 5 0.027 5 0.036 5 0.001 4 -0.013 4 0.005' 4
C2aA 0.038 6 0.025 5 0.059 8 0.008 5 i 0.013 6 0.011 5
C3A 0.024 4 0.015 4 0.023 4 -0.003 4 i -0.003 4 -0.005 3
C3aA 0.018 4 0.015 4 0.021 4 -0.004 4 i 0.001 4 -0.004 4
C4A 0.035 5 0.022 4 0.022 4 -0.002 4 0.009 4 -0.006 4
C4aA 0.027 5 0.020 4 0.012 4 0.004 4 i -0.000 3 0.004 3
C5A 0.018 4 0.029 5 0.032 5 0.001 4 i -0.008 4 0.001 4
CSaA 0.077 8 0.015 4 0.059 6 0.022 5 i 0.043 6 0.027 4
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TABLE III.B-3, cont'd: Anisotropic Thermal Parameters - U's
Atom u 11 u22 U33 U12 U13 U23
Molecule B:
ColB 0.0198(Ei) 0.0145(Ej) 0 . 0144(E>) -0.003].{Ei) -0 . 0016 {E5) -0.0006(
ColaB 0.0177 Ei 0.0100 E> 0.0156 E> -0.003Esj Ei -0.000Eif e5 -0.00071
S6B 0.0421 0.019 0.0301 -0.0011 1) -0.0031 1] —0.0041
S7B 0.025 1 0.027 1 0.061 2 0.005i 1 0.010 1 0.0121 1
OIB 0.016 3 0.012 3 0.025 3 -0.006 2 -0.004 3 0.001 2
OlaB 0.013 3 0.015 3 0.019 3 -0.004 2 -0.000 2 -0.000 3
02B 0.0411 4 0.024 3 0.024 3 -0.0091 3 -0.001 3 0.010 3
NIB 0.023 44 0.014 3 0.018 3 0.004 3 -0.002 3 0.003 3
N2B 0.0291 4 0.020 4 0.018 4 -0.004 3 -0.006 3 0.0011 3
N2aB 0.0261 4 0.016 4 0.030 4 0.001 3 -0.009 4 -0.0011 3
N3B 0.0311 4 0.014 3 0.021 4 0.007 3 -0.008 3 -0.0071 3
N3aB 0.0204 4 0.013 3 0.017 3 -0.007 3 0.002 3 -0.0031 3
N4B 0.0264 4 0.023 4 0.024 4 -0.013 3 0.006 3 0.0011 3
N4aB 0.025 4 0.020 4 0.017 3 -0.005 3 -0.005 3 0.001 3
N5B 0.016 4 0.024 4 0.020 4 -0.012 3 -0.000 3 0.001 3
N5aB 0.031 4 0.012 3 0.020 4 -0.005 3 0.000 3 -0.003 3
N6B 0.057 6 0.024 4 0.030 5 -0.001 5 0.010 5 -0.010 4
N7B 0.028 5 0.049 6 0.047 6 -0.012 5 0.003 4 -0.008 5
C2B 0.024 5 0.018 4 0.034 5 -0.004 4 -0.007 4 0.006 4
C2aB 0.048 6 0.013 4 0.037 6 0.008 U -0.016 5 -0.002 4
C3B 0.045 6 0.033 6 0.036 6 0.012 5 0.014 5 -0.001 5
C3aB 0.030 5 0.017 4 0.011 4 0.004 4 -0.001 4 0.004 3
C4B 0.040 7 0.032 5 0.045 6 -0.005 5 0.013 6 -0.011 5
C4aB 0.021 5 0.030 5 0.012 4 -0.002 4 -0.003 3 -0.001 4C5B 0.025 5 0.033 5 0.030 5 -0.011 4 -0.002 4 0.004 5
CSaB 0.033 6 0.019 4 0.045 6 -0.004 5 -0.006 5 0.012 5
The form of the anisotropic temperature factor is: 
exp [ -2 n 2 { h2a*2Un  + k2b*2U22 + l2c*2U 33 +
2 ( hka*b*U^2 + hla*c*U33 + klb*c*U23 )}]
1
2
9
TABLE I I I . B - 4 :  O b s e r v e d  a nd  C a l c u l a t e d  S t r u c t u r e  F a c t o r s ,
V a l u e s  o f  10*Fobs  a n d  1 0 * F c a l c
H K L Fobs F c a l c S ig F K K L Fobs F c a l c S igF
2 0 0 368 459 4 12 0 2 578 715 6
4 0 0 3242 3518 8 13 0 2 373 328 7
6 0 0 2408 2358 10 14 0 2 1115 1216 11
a 0 0 480 405 5 15 0 2 1301 1237 12
10 0 0 2083 1920 13 16 0 2 2001 1912 17
12 0 0 931 944 9 17 0 2 566 588 8
14 0 0 425 430 7 18 0 2 758 723 7
16 0 0 1616 1737 15 19 0 2 1691 1771 16
18 0 0 1160 1119 12 20 0 2 484 516 10
20 0 0 2355 2483 19 21 0 2 669 602 8
22 0 0 1120 1062 11 22 0 2 620 749 9
24 0 0 1040 966 10 23 0 2 738 813 9
26 0 0 653 753 10 25 0 2 222 312 18
28 0 0 367 357 13 26 0 2 656 627 10
30 0 0 767 702 11 27 0 2 788 692 10
32 0 0 563 564 12 28 0 2 635 717 11
34 0 0 229 257 23 29 0 2 227 241 21
0 0 2 2546 2175 7 30 0 2 744 790 11
1 0 2 2026 1976 7 31 0 2 293 275 19
2 0 2 1308 1151 8 32 0 2 769 751 11
3 0 2 2473 2269 8 33 0 2 361 371 17
4 0 2 1737 1627 9 34 0 2 355 343 18
5 0 2 1848 1641 9 35 0 2 459 496 15
6 0 2 551 456 6 36 0 2 470 484 16
7 0 2 741 775 7 37 0 2 393 398 18
8 0 2 551 598 6 0 0 4 596 433 6
9 0 2 1279 1388 13 1 0 4 1490 1304 10
10 0 2 259 249 8 2 0 4 1152 1095 11
11 0 2 1812 1791 14 3 0 4 1172 1215 11
H K L Fobs  F c a l c  S ig F  H K L Fobs  F c a l c  S ig F
4 0 4 1436 1363 11 34 0 4 522 550 15
5 0 4 2340 2163 11 36 0 4 475 445 16
6 0 4 1832 1697 12 0 0 6 3408 2963 12
7 0 4 1037 1027 10 1 0 6 1498 1207 12
8 0 4 968 840 9 2 0 6 1679 1523 12
9 0 4 3786 3532 13 3 0 6 628 553 6
10 0 4 3649 3318 14 4 0 6 1356 1559 13
11 0 4 1277 1263 13 5 0 6 371 415 6
12 0 4 1575 1594 15 6 0 6 895 990 9
13 0 4 1443 1269 14 7 0 6 1606 1606 13
14 0 4 1393 1425 14 8 0 6 2029 1864 14
15 0 4 543 462 8 9 0 6 2504 2474 14
16 0 4 1448 1416 15 10 0 6 655 585 7
17 0 4 734 815 8 11 0 6 814 772 8
18 0 4 907 932 9 12 0 6 902 909 9
19 0 4 344 396 11 13 0 6 1256 1304 13
20 0 4 371 360 11 14 0 6 369 455 9
21 0 4 711 849 9 15 0 6 395 419 9
22 0 4 384 395 12 16 0 6 1036 1138 9
23 0 4 406 328 11 17 0 6 566 569 8
24 0 4 481 520 12 18 0 6 384 425 10
26 0 4 432 443 12 19 0 6 370 349 11
27 0 4 322 341 16 20 0 6 1083 1171 11
28 0 4 826 832 11 21 0 6 369 298 11
29 0 4 805 781 11 22 0 6 415 422 11
30 0 4 873 919 11 24 0 6 827 786 9
31 0 4 447 467 15 25 0 6 859 860 9
32 0 4 800 800 12 26 0 6 314 324 15
33 0 4 382 385 18 28 0 6 447 463 13
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcale
K K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
29 0 6 955 1000 10 25 0 8 216 219 20 23 0 10 645 616 11 21 0 12 191 180 23
31 0 e 302 282 17 26 0 8 504 475 12 24 0 10 658 681 11 22 0 12 200 164 24
33 0 e 372 329 17 27 0 a 643 596 11 25 0 10 345 426 15 23 0 12 397 386 IS
34 0 6 321 348 18 28 0 8 258 218 IS 26 0 10 217 227 21 24 0 12 343 344 16
0 0 8 725 804 7 29 0 8 288 200 18 29 0 10 246 221 22 25 0 12 427 478 16
1 0 8 431 373 7 32 0 8 265 294 22 30 0 10 243 235 23 26 0 12 216 246 26
2 0 8 864 804 9 33 0 8 410 364 15 31 0 10 291 259 20 28 0 12 370 293 17
3 0 8 1641 1493 15 1 0 10 1016 919 10 32 0 10 517 520 14 29 0 12 399 429 16
4 0 a 1343 1274 14 2 0 10 1280 1185 12 0 0 12 952 859 9 0 0 14 316 372 14
5 0 8 2136 2066 15 3 0 10 801 844 7 1 0 12 806 699 8 1 0 14 300 325 14
£ 0 8 1282 1249 13 4 0 10 827 836 9 2 0 12 615 547 9 2 0 14 532 489 10
7 0 8 836 840 9 5 0 10 395 333 9 3 0 12 656 542 8 3 0 14 623 598 10
8 0 a 771 767 7 6 0 10 236 245 13 4 0 12 1354 1374 13 4 0 14 1009 927 9
9 0 8 260 238 11 7 0 10 802 736 a 5 0 12 917 965 9 5 0 14 583 577 10
10 0 8 506 552 8 a 0 10 620 606 8 6 0 12 483 497 9 6 0 14 751 687 9
11 0 8 767 793 7 9 0 10 558 £24 8 7 0 12 430 492 10 7 0 14 764 768 9
12 0 8 836 897 a 10 0 10 498 508 8 8 0 12 567 535 9 8 0 14 726 716 9
13 0 3 307 258 l i l i 0 10 331 358 11 9 0 12 367 359 11 10 0 14 615 634 10
14 0 8 454 398 9 12 0 10 728 725 8 10 0 12 174 223 19 11 0 14 256 241 16
15 0 a 639 658 a 13 0 10 516 463 9 11 0 12 250 216 14 12 0 14 536 484 10
16 0 3 1358 1398 15 14 0 10 1177 1204 12 12 0 12 864 928 9 13 0 14 531 529 11
17 0 8 746 800 8 IS 0 10 438 476 9 13 0 12 948 970 9 14 0 14 643 631 10
18 0 8 430 378 10 16 0 10 493 522 9 14 0 12 465 434 11 15 0 14 651 685 10
19 0 8 1009 986 10 17 0 10 451 474 10 15 0 12 555 579 10 16 0 14 396 392 14
20 0 8 601 625 9 18 0 10 925 940 9 16 0 12 688 623 10 17 0 14 197 248 23
21 0 a 449 429 11 19 0 10 724 756 9 17 0 12 444 457 12 18 0 14 523 553 12
22 0 8 456 537 11 20 0 10 489 467 11 18 0 12 500 531 12 19 0 14 483 489 12
23 0 8 907 886 9 21 0 10 182 175 21 19 0 12 418 479 12 20 0 14 338 369 17
24 0 8 393 408 13 22 0 10 583 637 11 20 0 12 222 225 21 21 0 14 296 332 18
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TABLE I I I . B - 4 ,  c o n t ' d . :  O b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a l u e s  o f  10*Fobs  and  1 0 * F c a l c
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
22 0 14 256 336 22 10 0 18 295 285 19 3
24 0 14 338 382 18 11 0 ia 223 144 23 4
26 0 14 340 299 18 12 0 18 874 912 11 5
1 0 16 396 344 13 14 0 18 323 332 18 6
2 0 16 447 380 12 15 0 18 323 342 19 7
4 0 16 173 200 25 16 0 18 284 334 23 9
5 0 16 426 432 12 0 0 20 250 240 23 10
6 0 16 698 688 10 2 0 20 449 445 15 12
7 0 16 627 600 11 4 0 20 534 531 15 13
B 0 16 900 876 9 5 0 20 335 303 18 14
9 0 16 226 212 21 2 1 0 489 391 5 15
10 0 16 225 254 19 4 1 0 1935 1990 8 16
11 0 16 238 246 18 6 1 0 409 413 5 17
12 0 16 236 271 20 8 1 0 1212 1208 12 18
13 0 16 272 260 17 10 1 0 778 751 7 20
14 0 16 742 722 11 12 1 0 1326 1428 13 21
16 0 16 323 284 16 14 1 0 339 391 B 22
17 0 16 205 279 26 16 1 0 1135 1198 11 25
18 0 16 475 526 14 18 1 0 837 915 10 26
19 0 16 281 331 20 20 1 0 177 185 19 27
21 0 16 261 267 21 22 1 0 398 404 11 29
22 0 16 429 465 15 24 1 0 600 637 9 32
1 0 18 240 234 21 26 1 0 205 242 20 33
3 0 18 421 450 16 28 1 0 475 495 11 36
4 0 18 519 505 13 30 1 0 246 230 18 37
5 0 18 386 372 15 34 1 0 318 302 19 0
7 0 18 296 236 19 0 1 1 236 198 4 1
8 0 18 794 793 11 1 1 1 2722 2866 7 2
9 0 18 385 410 16 2 1 1 2374 2280 7 3
Fobs  F c a l c  S ig F  H K L Fobs  F c a l c  S igF
1792 1728 8
1324 1272 9
3209 2928 9
670 681 7
746 742 7
1062 1154 10
1108 1016 11
697 671 8
384 436 8
426 413 8
313 433 12
1553 1609 16
639 682 9
539 623 9
466 505 14
1972 2034 19
1051 1046 10
1197 1173 13
410 447 16
443 438 13
552 553 11
333 301 16
206 227- 27
456 407 16
538 530 15
312 303 4
1287 1193 8
1970 1947 9
1034 945 10
2 1419 1418 10
2 967 861 9
'2 2430 2128 11
2 1581 1568 12
2 1710 1745 12
2 536 613 6
2 603 679 6
2 899 807 3
2 251 298 10
2 371 441 8
2 542 652 7
2 512 511 8
2 445 545 9
2 175 272 18
2 556 575 9
2 435 543 10
2 993 1011 10
2 528 606 10
2 170 203 23
2 630 640 9
2 233 229 17
2 472 469 12
2 179 180 24
2 403 417 14
3 442 394 5
3 394 363 4
3 403 364 5
3 2654 2574 10
3 533 569 6
4
5
6
7
B
9
10
11
12
13
15
16
17
18
19
20
21
22
23
24
26
2B
29
31
0
1
2
3
4
1
32
TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
5 1 3 787 795 9 1 1 4 1476 1346 10 1
6 1 3 1380 1328 12 2 1 4 322 380 6 2
7 1 3 2663 2527 12 3 1 4 619 588 6 3
8 1 3 535 485 6 4 1 4 862 743 9 4
9 1 3 1286 1162 13 5 1 4 665 696 6 5
10 1 3 1031 999 10 6 1 4 1839 1608 12 6
11 1 3 2471 2282 15 7 1 4 1066 1054 11 7
12 1 3 652 607 7 8 1 4 507 524 6 8
13 1 3 1685 1573 15 9 1 4 284 348 8 9
14 1 3 736 691 7 10 1 4 1178 1198 12 10
15 1 3 994 964 10 11 1 4 419 283 7 11
16 1 3 607 621 8 12 1 4 232 157 11 12
17 1 3 530 500 9 13 1 4 152 193 15 13
18 1 3 460 417 10 14 1 4 459 481 8 14
19 1 3 308 313 12 15 1 4 153 237 19 15
20 1 3 374 368 11 17 1 4 523 714 9 16
21 1 3 502 477 10 18 1 4 323 378 12 17
22 1 3 839 854 9 19 1 4 591 705 9 18
23 1 3 408 442 12 20 1 4 903 918 10 20
24 1 3 261 242 16 21 1 4 403 379 11 21
25 1 3 269 241 17 22 1 4 523 555 10 22
26 1 3 526 523 12 24 1 4 636 657 10 23
27 1 3 840 838 10 25 1 4 218 237 20 24
29 1 3 239 238 21 26 1 4 384 430 14 25
31 1 3 679 678 12 28 1 4 262 295 18 26
32 1 3 220 284 31 29 1 4 183 145 25 27
35 1 3 470 474 17 30 1 4 420 424 14 28
36 1 3 256 254 27 33 1 4 213 204 24 29
0 1 4 751 690 7 0 1 5 648 621 6 30
L Fobs Fcalc SigF H K L Fobs Fcalc SigF
5 430 417 5 32 5 320 320 18
5 631 603 6 33 5 206 199 26
5 1443 1388 12 34 5 262 267 21
5 1776 1689 12 0 6 111 108 15
5 1474 1418 12 1 6 439 404 6
5 1822 1766 12 2 6 408 364 6
5 1051 1026 9 3 6 837 809 9
5 2764 2650 13 4 6 1080 1060 11
5 1674 1667 14 5 6 503 463 6
5 1345 1235 13 6 6 348 368 7
5 1116 1069 12 7 6 516 520 6
5 1644 1577 16 8 6 1688 1646 14
5 1070 1087 10 9 6 419 384 7
5 224 220 13 10 6 622 627 .  7
5 941 995 9 11 6 405 401 8
5 1143 1193 11 12 6 1708 1755 16
5 452 411 9 13 6 510 515 8
5 574 583 9 14 6 280 319 11
5 568 579 9 15 6 597 623 8
5 675 725 9 16 6 707 766 8
5 409 432 11 17 6 693 693 8
5 161 102 20 IS 6 199 272 16
5 372 352 12 19 6 318 233 11
5 556 540 11 20 6 274 292 13
5 547 528 11 21 6 308 337 12
5 375 365 13 22 6 451 456 10
5 274 290 17 25 6 329 361 14
5 542 502 12 26 6 218 245 20
5 758 745 11 28 6 515 488 12
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F H
29 1 6 240 237 20 31 1 7 406 401 15 2
30 1 6 190 163 24 34 1 7 2 58 245 23 3
31 1 6 243 175 19 0 1 8 277 311 9 4
0 1 7 326 360 7 2 1 8 217 222 11 5
1 1 7 209 233 10 3 1 B 542 542 6 6
2 1 7 1017 1020 11 4 1 3 807 793 8 7
3 1 7 1019 1046 11 5 1 8 307 281 8 9
4 1 7 1235 1229 13 6 1 8 712 683 8 10
5 1 7 908 886 9 7 1 S 1043 1055 11 11
e l 7 187 171 11 8 1 8 869 972 9 12
i l 7 721 689 7 9 1 8 564 607 7 13
B 1 7 156 161 13 10 1 8 599 644 7 14
9 1 7 535 607 6 11 1 8 396 366 9 15
11 1 7 357 357 9 12 1 8 551 521 8 16
12 1 7 421 467 8 13 1 8 565 499 a 17
13 1 7 467 469 8 14 1 8 835 916 9 18
17 1 7 747 762 8 15 1 a 1124 1158 12 19
IB 1 7 571 647 9 16 1 3 157 44 19 20
19 1 7 446 430 10 20 1 8 354 400 12 21
20 1 7 771 787 9 21 1 a 360 381 12 22
21 1 7 864 851 8 23 1 8 530 515 11 23
22 1 7 295 275 14 24 1 8 377 371 13 24
23 1 7 302 275 14 25 1 8 259 276 17 26
24 1 7 543 576 11 28 1 8 445 434 13 27
25 1 7 970 970 10 29 1 8 262 245 19 28
26 1 7 165 169 25 30 1 a 184 175 26 32
27 1 7 489 511 12 31 1 8 335 303 17 0
29 1 7 493 503 12 0 1 9 353 356 9 1
30 1 7 233 257 21 1 1 9 1111 1081 10 2
L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
9 1670 1636 16 3 1 10 507 506 8
9 1103 1042 11 4 1 10 460 472 8
9 306 315 10 5 1 10 501 511 8
9 552 534 7 6 1 10 411 383 9
9 1026 1051 10 7 1 10 400 377 9
9 550 566 7 8 1 10 343 316 10
9 739 761 7 9 1 10 366 335 9
9 730 722 7 10 1 10 369 355 10
9 1022 1047 10 11 1 10 545 585 8
9 587 604 8 13 1 10 259 324 13
9 331 326 11 14 1 10 437 456 10
9 494 504 9 15 1 10 210 169 16
9 397 434 10 16 1 10 446 509 10
9 837 803 9 17 1 10 337 385 12
9 523 530 10 18 1 10 ' 328 399 13
9 749 710 9 19 1 10 612 656 10
9 493 512 11 20 1 10 678 576 10
9 400 435 12 21 1 10 375 413 13
9 204 209 20 22 1 10 423 417 13
9 400 433 13 23 1 10 288 255 17
9 539 571 11 24 1 10 288 276 16
9 452 448 12 25 1 10 203 201 22
9 479 484 12 26 1 10 537 514 12
9 264 213 19 27 1 10 268 253 18
9 411 344 14 30 1 10 246 219 22
9 292 240 21 31 1 10 341 325 18
10 646 617 7 1 1 11 558 542 8
10 1110 1082 11 3 1 11 724 720 7
10 1155 1138 11 4 1 11 364 382 10
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H
5 1 11 397 381 10 8 1 12 161 153 20 15
6 1 11 216 175 14 9 1 12 361 355 11 16
7 1 11 758 772 8 10 1 12 261 234 13 17
8 1 11 951 956 9 11 1 12 246 213 14 18
9 1 11 815 821 8 12 1 12 499 498 10 19
10 1 11 433 480 10 13 1 12 305 327 14 20
11 1 11 222 210 15 14 1 12 464 546 11 21
12 1 11 418 420 10 16 1 12 601 603 10 22
13 1 11 751 772 8 17 1 12 720 704 10 25
14 1 11 499 513 10 19 1 12 325 254 14 26
15 1 11 245 285 16 20 1 12 419 433 13 27
16 1 11 616 599 9 21 . 1 12 321 423 16 0
17 1 11 562 601 10 22 1 12 235 253 20 1
20 1 11 231 264 19 24 1 12 396 408 15 2
21 1 11 335 315 14 25 1 12 351 352 17 4
22 1 11 209 240 22 0 1 13 1089 1060 11 5
23 1 11 285 241 16 1 1 13 511 478 10 6
24 1 11 242 259 21 2 1 13 289 263 14 7
25 1 11 238 233 20 3 1 13 528 536 10 8
29 1 11 248 218 22 4 1 13 490 469 9 9
30 1 11 285 308 20 5 1 13 206 148 17 10
0 1 12 658 617 9 6 1 13 261 239 14 11
1 1 670 651 8 7 1 13 483 480 10 12
2 1 12 291 250 12 8 1 13 455 441 10 13
3 1 495 495 9 9 1 13 541 523 10 14
4 1 12 701 719 8 10 1 13 345 380 13 15
5 1 12 560 539 9 11 1 13 477 460 10 16
6 1 12 334 306 11 12 1 13 518 520 10 20
7 1 12 193 171 17 13 1 13 611 622 . 10 21
L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
13 363 389 13 22 1 14 330 366 18
13 313 303 IS 23 1 14 209 186 26
13 471 519 12 1 1 15 417 369 12
13 542 533 11 2 1 15 495 488 11
13 332 309 15 3 1 15 638 646 10
13 273 291 17 4 1 15 164 170 23
13 538 549 12 5 1 15 354 358 13
13 339 347 17 6 1 15 486 465 11
13 404 395 15 7 1 15 391 378 12
13 216 204 27 9 1 15 224 169 18
13 324 283 18 10 1 15 273 265 16
14 487 476 11 11 1 15 240 240 18
14 228 228 18 12 1 15 301 349 16
14 485 507 11 13 1 15 554 591 11
14 362 358 12 14 1 15 251 269 20
14 409 435 11 15 1 15 620 619 11
14 431 432 11 16 1 15 194 188 24
14 396 398 12 17 1 15 382 366 16
14 228 216 17 18 1 15 376 349 16
14 426 434 12 19 1 15 534 558 13
14 621 613 10 22 1 15 240 195 22
14 165 218 24 23 1 15 434 418 15
14 404 438 12 2 1 16 215 233 20
14 163 183 25 5 1 16 253 222 18
14 492 540 11 6 1 16 399 414 13
14 317 337 15 7 1 16 268 294 18
14 314 354 15 9 1 16 232 276 20
14 300 334 l a 10 1 16 528 571 12
14 289 258 19 11 1 16 381 400 13
1
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TABLE III.B-4, cont’d.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fob s F c a l c S ig F H K L Fobs F c a l c S igF H
12 1 16 277 245 18 12 1 18 273 304 21 28
14 1 16 344 328 16 13 1 18 323 372 18 30
16 1 16 319 347 17 14 1 18 213 175 25 0
19 1 16 213 207 26 16 1 18 247 254 24 1
20 1 16 226 215 24 3 1 19 230 208 22 2
0 1 17 364 365 15 6 1 19 271 290 20 3
1 1 17 331 336 16 7 1 19 302 321 19 4
3 1 17 499 508 12 9 1 19 505 528 14 5
4 1 17 250 268 20 10 1 19 402 401 16 6
5 1 17 294 285 17 11 1 19 257 230 22 7
6 1 17 220 241 22 12 1 19 242 212 23 8
7 1 17 467 509 13 0 1 20 315 248 19 9
8 1 17 305 344 17 1 1 20 263 244 23 10
9 1 17 559 521 12 3 1 20 359 357 18 13
10 1 17 488 514 13 4 1 20 251 261 25 14
11 1 17 348 374 16 0 2 0 1598 1636 8 15
12 1 17 305 255 18 2 2 0 529 565 5 16
13 1 17 674 701 12 4 2 0 1117 990 9 17
17 1 17 319 363 19 6 2 0 181 94 9 18
IS 1 17 270 257 19 8 2 0 433 388 6 20
19 1 17 330 313 18 10 2 0 611 740 6 21
0 1 18 320 272 18 12 2 0 591 611 6 22
4 1 18 386 391 16 14 2 0 165 127 15 23
5 1 18 216 222 25 16 2 0 1230 1193 13 24
6 1 18 270 192 19 18 2 0 245 307 14 25
7 1 18 319 289 18 20 2 0 1233 1209 12 28
8 1 18 329 284 17 22 2 0 266 334 14 29
9 l  i a 198 201 27 24 2 0 418 517 11 32
11 1 18 416 346 15 26 2 0 486 447 11 33
K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
2 0 178 187 24 0 2 2 1505 1222 10
2 0 261 222 18 1 2 2 812 734 a
2 1 1678 1647 8 2 2 2 553 392 5
2 1 425 353 4 3 2 2 299 270 6
2 1 656 651 7 4 2 2 262 274 7
2 1 2100 2058 9 5 2 2 389 320 6
2 1 2228 1976 9 6 2 2 597 526 6
2 1 718 718 7 7 2 2 1555 1559 13
2 1 616 664 6 8 2 2 497 552 6
2 1 147 115 13 9 2 2 640 585 7
2 1 1059 1095 11 10 2 2 168 133 13
2 1 242 241 9 11 2 2 320 274 B
2 1 886 946 9 12 2 2 665 639 6
2 1 1505 1495 14 14 2 2 187 166 13
2 1 990 865 9 15 2 2 641 661 7
2 1 154 115 17 17 2 2 406 475 10
2 1 131 198 20 18 2 2 495 528 10
2 1 2148 2113 18 19 2 2 861 914 10
2 1 1052 1045 9 21 2 2 274 360 14
2 1 812 853 3 22 2 2 254 307 15
2 1 236 278 16 23 2 2 347 317 13
2 1 158 245 22 24 2 2 259 250 16
2 1 369 390 12 25 2 2 355 353 14
2 1 284 312 15 26 2 2 253 299 IS
2 1 481 456 12 28 2 2 262 250 18
2 1 396 414 16 29 2 2 294 310 17
2 1 715 712 11 30 2 2 211 226 23
2 1 398 427 17 32 2 2 323 357 18
2 1 760 764 13 36 2 2 199 157 29
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H
0 2 3 595 476 6 4 2 4 745 697 7 3
1 2 3 4994 4635 11 5 2 4 331 419 7 4
2 2 3 1467 1304 11 6 2 4 1759 1724 13 5
3 2 3 620 591 7 7 2 4 617 561 6 6
5 2 3 1194 1291 12 8 2 4 559 580 6 7
e 2 3 408 454 7 9 2 4 225 220 11 8
7 2 3 1259 1093 13 10 2 4 1608 1590 15 9
8 2 3 616 572 6 11 2 4 581 561 7 10
9 2 3 1259 1104 13 12 2 4 1290 1226 13 11
10 2 3 583 526 6 13 2 4 298 301 10 12
11 2 3 898 778 9 14 2 4 278 325 11 13
12 2 3 262 270 11 15 2 4 213 241 14 14
13 2 3 900 825 8 16 2 4 453 459 9 15
14 2 3 283 324 11 17 2 4 597 536 8 16
15 2 3 1672 1711 16 18 2 4 575 585 8 17
16 2 3 298 334 15 19 2 4 201 269 18 18
17 2 3 545 605 9 20 2 4 189 187 18 19
18 2 3 369 421 11 21 2 4 146 68 22 20
19 2 3 1377 1383 14 22 2 4 269 269 14 21
21 2 3 308 346 13 23 2 4 166 155 21 22
22 2 3 444 385 11 26 2 4 283 281 15 23
23 2 3 883 1030 9 27 2 4 234 226 19 24
27 2 3 380 496 14 28 2 .4 493 517 12 25
29 2 3 343 438 16 29 2 4 248 263 19 26
33 2 3 302 395 21 30 2 4 252 228 19 28
0 2 4 300 222 7 32 2 4 445 451 14 32
1 2 4 1332 1122 11 0 2 5 1257 1010 12 33
2 2 4 1145 997 11 1 2 5 749 735 7 34
3 2 4 2048 1843 12 2 2 5 294 269 7 0
K L Fobs  F c a l c  S ig F  H K L Fobs  F c a l c  S ig F
2 5 1122 1075 12 1 2 6 340 295 7
2 5 2583 2446 12 2 2 6 401 366 6
2 5 1271 1177 12 3 2 6 694 628 6
2 5 1365 1363 12 4 2 6 571 552 6
2 5 1716 1706 14 5 2 6 1398 1304 14
2 5 1661 1675 14 6 2 6 573 5 B 6 6
2 5 870 825 3 7 2 6 155 151 13
2 5 1109 1144 11 8 2 6 394 431 7
2 5 169 303 15 9 2 6 1164 1092 12
2 5 . 829 850 8 10 2 6 424 462 8
2 5 1147 1239 11 11 2 6 523 532 7
2 5 713 684 7 12 2 6 826 840 9
2 5 993 870 9 13 2 6 670 653 7
2 5 665 70 5 8 15 2 6 356 326 10
2 5 929 891 10 16 2 6 509 503 9
2 5 747 79 3 8 17 2 6 168 177 19
2 5 217 167 15 IS 2 6 408 445 10
2 5 551 568 9 20 2 6 556 566 9
2 5 652 707 9 21 2 6 180 205 19
2 5 368 398 11 23 2 6 380 408 12
2 5 223 345 17 24 2 6 312 308 14
2 5 498 543 10 25 2 6 281 316 15
2 5 379 318 13 27 2 6 266 280 16
2 5 503 464 11 29 2 6 388 366 14
2 5 780 719 10 31 2 6 181 125 24
2 5 286 288 19 32 2 6 223 195 22
2 5 509 444 13 0 2 7 452 397 6
2 5 352 381 18 1 2 7 710 620 7
2 6 318 196 7 2 2 7 511 509 6
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
3 2 7 310 371 8 0 2 8 1093 968 10 3
4 2 7 324 305 8 1 2 8 669 682 7 4
5 2 7 539 536 6 2 2 8 507 417 6 5
6 2 7 867 821 8 3 2 a 570 563 6 6
7 2 7 698 683 8 4 2 8 137 195 16 7
S 2 7 1184 1268 12 5 2 a 580 589 6 8
9 2 7 1865 1866 16 6 2 a 664 703 7 9
10 2 7 1551 1566 15 7 2 8 250 244 12 10
11 2 7 743 702 8 3 2 8 173 198 16 11
12 2 7 916 875 9 9 2 8 359 315 9 12
13 2 7 1506 1486 15 10 2 8 309 278 10 13
14 2 7 490 462 9 11 2 8 239 212 13 14
IS 2 7 705 735 8 12 2 8 317 320 11 15
16 2 7 182 215 18 13 2 B 485 517 9 16
17 2 7 1206 1227 12 15 2 8 480 477 9 17
19 2 7 210 194 16 16 2 B 675 720 8 18
20 2 7 233 310 15 17 2 8 470 456 9 19
21 2 7 324 375 12 18 2 8 225 211 15 20
22 2 7 340 337 13 19 2 8 363 374 11 21
23 2 7 210 290 18 20 2 8 407 423 11 23
25 2 7 683 728 10 22 2 8 353 314 12 24
27 2 7 380 318 13 23 2 8 269 307 16 25
28 2 7 450 402 13 26 2 8 241 231 18 26
29 2 7 828 861 11 27 2 8 202 214 21 27
30 2 7 642 594 12 28 2 a 321 268 15 23
31 2 7 316 269 18 29 2 8 178 146 26 29
32 2 7 348 319 17 0 2 9 661 562 7 30
33 2 7 747 742 12 1 2 9 1963 1819 16 31
34 2 7 242 236 24 2 2 9 1438 1341 15 32
K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
2 9 1029 1089 11 33 2 9 287 326 21
2 9 516 542 8 0 2 10 524 501 8
2 9 750 828 8 1 2 10 160 176 17
2 9 1207 1227 12 2 2 10 681 625 7
2 9 332 363 10 3 2 10 1180 1138 13
2 9 318 270 10 4 2 10 595 610 7
2 9 628 603 8 5 2 10 452 395 8
2 9 1022 1018 10 6 2 10 306 304 10
2 9 998 995 9 9 2 10 201 222 15
2 9 373 408 10 10 2 10 305 293 11
2 9 388 434 11 11 2 10 368 351 10
2 9 1114 1167 11 12 2 10 446 456 10
2 9 914 915 ‘ 9 13 2 10 195 224 17
2 9 246 210 IS 14 2 10 424 419 10
2 9 509 540 10 15 2 10 481 486 10
2 9 612 667 9 16 2 10 513 519 9
2 9 537 533 11 17 2 10 455 412 11
2 9 302 211 14 18 2 10 278 297 15
2 9 433 427 12 19 2 10 292 303 15
2 9 589 608 11 20 2 10 315 355 14
2 9 602 557 11 22 2 10 251 203 17
2 9 244 245 19 23 2 10 228 245 19
2 9 429 390 12 25 2 10 355 287 14
2 9 260 267 19 26 2 10 242 248 19
2 9 482 526 15 28 2 10 207 171 23
2 9 394 302 16 29 2 10 195 185 25
2 9 254 280 22 32 2 10 209 224 27
2 9 297 328 19 0 2 11 1401 1396 15
2 9 336 273 18 1 2 11 1497 1530 15
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F a
2 2 11 998 974 11 6 2 12 401 359 10 18
3 2 11 1029 943 11 7 2 12 199 221 17 19
4 2 11 1374 1383 15 a 2 12 147 178 22 20
5 2 11 1201 1101 11 10 2 12 264 242 14 21
6 2 11 542 575 9 li 2 12 317 320 13 22
7 2 11 417 387 10 12 2 12 315 314 13 23
8 2 11 215 193 15 13 2 12 514 515 10 24
9 2 11 375 421 11 16 2 12 392 414 13 25
11 2 11 247 268 14 18 2 12 236 217 19 26
12 2 11 162 161 20 20 2 12 225 200 20 0
13 2 11 298 327 12 21 2 12 232 248 21 1
15 2 11 841 354 9 24 2 12 229 176 22 2
16 2 11 653 676 9 0 2 13 997 849 10 5
17 2 11 707 695 10 1 2 13 885 855 9 6
18 2 11 701 721 10 2 2 13 362 340 12 a
19 2 11 380 383 14 3 2 13 396 363 11 10
20 2 11 898 877 9 4 2 13 380 418 11 14
21 2 11 805 869 10 5 2 13 722 722 9 15
22 2 11 576 589 12 6 2 13 415 330 11 16
24 2 11 365 359 15 7 2 13 395 397 12 IS
25 2 11 569 546 12 8 2 13 544 539 10 20
26 2 11 343 350 17 9 2 13 514 484 10 24
30 2 11 212 197 24 10 2 13 412 438 12 0
0 2 12 342 374 12 12 2 13 485 465 11 1
1 2 12 266 267 14 13 2 13 631 538 10 2
2 2 12 279 272 14 14 2 13 182 121 22 3
3 2 12 338 315 11 15 2 13 726 748 10 4
4 2 12 355 322 11 16 2 13 528 576 12 5
5 2 12 324 349 12 17 2 13 540 564 11 6
X L Fobs  F c a l c  S ig F  H K L Fobs  F c a l c  S igF
2 13 381 411 14 7 2 15 606 640 10
2 13 510 541 12 8 2 15 174 163 23
2 13 368 428 16 9 2 IS 763 800 10
2 13 610 592 12 10 2 15 641 664 11
2 13 300 286 19 11 2 15 1327 1294 13
2 13 520 527 14 12 2 15 347 355 15
2 13 286 236 20 14 2 15 608 645 11
2 13 481 537 15 15 2 15 504 494 12
2 13 20 8 278 29 17 2 15 215 232 25
2 14 400 342 13 18 2 15 216 173 24
2 14 222 222 18 19 2 15 242 250 23
2 14 358 328 13 20 2 15 184 156 27
2 14 256 270 16 22 2 15 334 322 18
2 14 547 559 10 24 2 IS 222 257 27
2 14 402 410 12 1 2 16 228 226 18
2 14 295 303 IS 3 2 16 320 328 15
2 14 355 364 14 6 2 16 383 385 13
2 14 354 339 14 7 2 16 209 146 20
2 14 192 216 23 8 2 16 373 402 14
2 14 332 353 15 10 2 16 225 211 20
2 14 193 228 27 13 2 16 190 207 25
2 14 319 267 18 18 2 16 253 271 21
2 15 411 380 12 21 2 16 193 203 29
2 15 207 124 20 22 2 16 241 252 24
2 15 428 378 12 1 2 17 195 217 25
2 15 319 289 14 2 2 17 241 228 20
2 15 139 244 22 3 2 17 387 380 14
2 15 643 646 10 4 2 17 272 246 18
2 15 551 556 10 5 2 17 773 749 10
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S i g F H K L Fobs F c a l c S ig F H
e 2 17 253 287 18 12 3 0 2471 2496 15 19
7 2 17 305 309 17 14 3 0 448 489 7 20
8 2 17 767 746 11 16 3 0 1752 1798 17 21
9 2 17 753 759 11 18 3 0 557 561 8 22
10 2 17 230 166 22 20 3 0 436 416 10 23
11 2 17 587 604 12 24 3 0 503 534 10 24
12 2 17 333 338 17 26 3 0 405 402 12 28
13 2 17 308 330 18 28 3 0 539 544 11 29
14 2 17 197 142 26 30 3 0 270 227 18 0
15 2 17 407 448 15 32 3 0 329 333 17 1
16 2 17 293 318 19 34 3 0 654 576 13 2
17 2 17 323 285 18 36 3 0 318 305 20 3
5 2 18 205 164 24 1 3 1 273 212 6 4
a 2 18 442 474 15 2 3 1 1692 1493 10 5
9 2 18 277 262 20 3 3 1 450 445 5 6
13 2 18 211 187 25 4 3 1 523 508 5 7
1 2 19 446 454 15 5 3 1 505 473 5 8
2 2 19 290 311 20 6 3 1 848 713 8 9
3 2 19 244 266 22 7 3 1 860 827 8 10
4 2 19 240 227 22 8 3 1 1058 1022 11 11
5 2 19 396 386 15 9 3 1 513 564 6 12
6 2 19 395 431 16 11 3 1 199 159 11 13
8 2 19 202 178 26 12 3 1 222 209 11 14
10 2 19 225 194 22 13 3 1 187 192 14 15
2 3 0 1727 1627 10 14 3 1 685 716 7 16
4 3 0 2962 2700 10 15 3 1 453 527 8 17
6 3 0 380 313 6 16 3 1 356 457 10 18
8 3 0 2211 2313 12 17 3 1 727 750 8 19
10 3 0 412 422 6 18 3 1 444 540 10 20
K L Fobs F c a l c S ig F H K L Fobs F c a l  c S ig F
3 1 172 193 19 21 3 2 875 945 9
3 1 730 786 8 22 3 2 910 942 9
3 1 513 520 10 24 3 2 556 553 10
3 1 451 394 10 26 3 2 280 312 16
3 1 213 194 17 27 3 2 350 422 17
3 1 210 159 16 28 3 2 420 482 15
3 1 223 212 20 29 3 2 293 371 20
3 1 281 252 16 30 3 2 198 311 26
3 2 652 574 6 31 3 2 502 528 13
3 2 3490 3064 10 34 3 2 336 344 19
3 2 566 444 6 35 3 2 348 402 21
3 2 551 462 5 36 3 2 361 391 21
3 2 1499 1358 11 0 3 3 204 177 10
3 2 118 116 16 1 3 3 1016 875 10
3 2 273 230 8 2 3 3 292 264 7
3 2 743 676 7 3 3 3 133 141 15
3 2 1544 1575 13 4 3 3 267 294 8
3 2 1004 904 10 5 3 3 196 204 11
3 2 171 146 13 6 3 3 278 246 8
3 2 1648 1680 15 7 3 3 530 452 6
3 2 1328 1249 13 8 3 3 482 420 6
3 2 408 456 8 9 3 3 388 378 7
3 2 672 701 7 10 3 3 381 357 7
3 2 398 427 9 11 3 3 1291 1220 12
3 2 167 162 18 12 3 3 571 514 7
3 2 323 841 8 13 3 3 877 922 9
3 2 1062 1035 10 14 3 3 293 278 10
3 2 235 266 15 15 . 3 3 405 535 9
3 2 1305 1343 13 16 3 3 369 369 10
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fealc
H K L Fobs F c a l c S ig F B K L Fobs F c a l c S igF H
17 3 3 544 672 9 22 3 4 912 949 9 20
18 3 3 240 245 14 23 3 4 197 228 21 21
20 3 3 355 434 12 24 3 4 806 785 9 22
21 3 3 473 525 10 25 3 4 683 650 11 23
22 3 3 172 235 21 26 3 4 896 893 10 25
26 3 3 232 220 18 27 3 4 211 262 24 30
28 3 3 254 300 18 28 3 4 519 478 11 32
30 3 3 175 161 25 30 3 4 519 510 12 0
1 3 4 342 333 8 31 3 4 309 313 20 1
2 3 4 1430 1327 14 35 3 4 290 221 20 2
3 3 4 1750 1655 14 0 3 5 4 B1 428 6 3
4 3 4 2286 2102 14 1 3 5 949 875 9 4
5 3 4 994 896 10 2 3 5 527 494 6 5
6 3 4 959 859 9 3 3 5 706 707 7 6
7 3 4 1058 1002 10 4 3 5 983 912 9 7
8 3 4 606 663 7 5 3 5 941 874 9 8
9 3 4 477 477 7 6 3 5 401 351 7 9
10 3 4 712 747 7 7 3 5 851 767 8 10
11 3 4 383 349 8 8 3 5 1099 1129 10 11
12 3 4 370 349 8 9 3 5 849 908 9 12
13 3 4 1081 1094 10 10 3 5 228 260 11 13
14 3 4 486 463 8 12 3 5 44 8 368 8 15
15 3 4 320 321 11 13 3 5 435 447 9 16
16 3 4 256 267 13 14 3 5 659 735 8 17
17 3 4 829 839 a 15 3 5 357 368 10 19
18 3 4 924 930 10 16 3 5 396 412 10 20
19 3 4 670 683 9 17 3 5 372 378 11 21
20 3 4 1413 1422 14 18 3 5 281 364 13 23
21 3 4 738 762 9 19 3 5 404 509 10 24
K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
3 5 299 274 12 25 3 6 747 782 10
3 5 251 298 15 26 3 6 270 274 17
3 5 512 515 10 27 3 6 236 211 19
3 5 316 282 14 28 3 6 791 790 10
3 5 327 286 13 29 3 6 256 281 20
3 5 214 211 21 30 3 6 431 398 14
3 5 250 239 20 32 3 6 273 244 19
3 6 590 578 6 34 3 6 332 330 17
3 6 1326 1290 13 0 3 7 285 309 9
3 6 214 245 11 1 3 7 281 304 8
3 6 1009 937 11 2 3 7 629 614 7
3 6 2248 2217 14 3 3 7 630 540 6
3 6 1197 1215 11 4 3 7 660 595 7
3 6 754 775 8 5 3 7 378 383 7
3 6 684 718 6 6 3 7 465 503 7
3 6 2473 2549 16 8 3 7 302 260 10
3 6 724 749 7 9 3 7 429 414 9
3 6 3 80 303 8 10 3 7 324 364 10
3 6 483 474 8 11 3 7 548 575 8
3 6 2496 2469 17 12 3 7 670 703 8
3 6 632 614 8 13 3 7 556 611 9
3 6 315 308 12 15 3 7 186 212 18
3 6 730 740 8 16 3 7 355 426 11
3 6 903 885 9 17 3 7 267 257 14
3 6 226 221 15 18 3 7 652 775 9
3 6 317 338 12 19 3 7 378 326 11
3 6 632 612 9 20 3 7 374 308 11
3 6 342 330 13 21 3 7 180 118 20
3 6 399 422 12 22 3 7 420 375 11
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H
23 3 7 223 216 18 26 3 8 395 379 13 26
24 3 7 180 179 23 27 3 8 612 602 11 27
25 3 7 420 404 12 28 3 8 375 446 15 32
28 3 7 274 230 17 29 3 8 279 254 17 0
0 3 8 156 157 15 30 3 6 268 314 20 1
1 3 8 210 224 12 31 3 8 739 726 12 2
2 3 8 914 935 9 32 3 3 197 148 26 3
3 3 8 646 652 7 33 3 8 226 241 24 4
4 3 8 898 849 9 0 3 9 594 579 7 5
5 3 8 584 549 7 1 3 9 234 199 12 6
6 3 8 851 868 8 2 3 9 713 707 7 7
7 3 B 1698 1702 16 3 3 9 747 750 8 8
8 3 8 1505 1531 14 4 3 9 416 368 9 9
9 3 3 1232 1304 12 5 3 9 318 302 10 10
10 3 3 751 785 8 6 3 9 227 240 14 11
11 3 8 1396 1453 14 7 3 9 251 259 13 12
12 3 8 985 1070 10 8 3 9 241 234 14 13
13 3 8 757 834 8 9 3 9 347 342 10 14
14 3 a 669 655 3 10 3 9 415 436 10 15
15 3 3 938 969 10 11 3 9 226 170 15 16
16 3 8 334 360 12 12 3 9 400 394 10 17
17 3 8 194 194 17 13 3 9 447 478 10 18
18 3 8 247 224 14 15 3 9 531 569 9 19
20 3 8 229 225 16 17 3 9 624 688 9 20
21 3 8 286 296 14 18 3 9 385 416 12 21
22 3 8 419 479 11 19 3 9 222 198 17 22
23 3 8 467 480 11 22 3 9 182 224 22 23
24 3 8 336 333 13 23 3 9 218 236 20 24
25 3 a 277 298 16 25 3 9 192 207 22 25
K L Fobs  F c a l c  S igF  H K L Fobs F c a l c  S ig F
3 9 245 239 19 26 3 10 647 683 12
3 9 223 171 22 27 3 10 256 201 19
3 9 210 146 26 28 3 10 195 196 26
3 10 469 469 9 30 3 10 392 401 16
3 10 681 687 8 31 3 10 281 323 21
3 10 1056 1045 10 1 3 11 229 216 14
3 10 521 496 8 2 3 11 216 193 IS
3 10 911 900 9 3 3 11 556 536 8
3 10 1288 1268 12 4 3 11 295 295 13
3 10 1346 1295 13 5 3 11 383 397 10
3 10 645 636 8 6 3 11 602 585 8
3 10 298 343 12 7 3 11 335 361 11
3 10 534 535 9 8 3 11 184 197 18
3 10 554 566 9 9 3 11 234 234 15
3 10 634 595 8 10 3 11 184 161 17
3 10 373 375 11 13 3 11 247 305 15
3 10 227 218 16 14 3 11 218 248 18
3 10 391 401 11 IS 3 11 257 336 16
3 10 665 685 9 16 3 11 427 391 11
3 10 813 824 9 18 3 11 281 253 16
3 10 260 237 16 19 3 11 193 224 22
3 10 577 555 11 21 3 11 304 287 16
3 10 585 594 10 22 3 11 214 275 23
3 10 825 829 10 25 3 11 211 182 24
3 10 286 258 16 29 3 11 200 143 28
3 10 930 940 10 0 3 12 1562 1555 16
3 10 423 441 13 1 3 12 1160 1122 12
3 10 609 533 11 2 3 12 350 382 11
3 10 326 371 17 3 3 12 1279 1264 12
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F R K L Fobs F c a l c S igF H K L Fobs F c a l c SigF
4 3 12 1496 1587 16 18 3 13 237 241 20 2 3 15 197 153 20 5 3 17 200 176 22
5 3 12 738 776 8 20 3 13 226 216 22 4 3 15 281 262 16 9 3 17 244 182 20
6 3 12 170 196 20 21 3 13 192 168 27 5 3 15 284 314 17 0 3 18 812 835 12
7 3 12 355 398 11 25 3 13 228 178 25 6 3 15 171 192 25 1 3 IB 222 181 25
8 3 12 609 621 9 27 3 13 373 311 17 7 3 IS 235 268 19 2 3 18 216 235 24
9 3 12 385 349 11 0 3 14 326 312 14 8 3 15 322 307 14 3 3 13 400 455 16
10 3 12 486 467 10 1 3 14 373 319 13 11 3 15 269 225 16 4 3 18 570 570 12
11 3 12 242 226 16 2 3 14 815 795 9 15 3 15 320 284 17 5 3 18 467 477 15
12 3 12 429 452 11 3 3 14 239 229 18 21 3 15 257 291 22 7 3 18 296 257 19
13 3 12 521 511 10 4 3 14 566 533 10 23 3 15 228 253 26 8 3 18 320 321 17
14 3 12 519 522 11 5 3 14 834 791 9 0 3 16 794 782 10 9 3 18 198 157 26
16 3 12 708 691 10 6 3 14 756 778 9 2 3 16 483 535 12 11 3 18 350 370 17
17 3 12 381 907 10 7 3 14 693 706 10 3 3 16 179 131 22 12 3 IB 184 149 28
18 3 12 384 389 14 8 3 14 555 557 11 4 3 16 312 332 15 13 3 18 250 301 24
19 3 12 299 286 16 9 3 14 328 341 14 5 3 16 619 592 11 9 3 19 234 232 22
20 3 12 751 778 10 10 3 14 580 608 11 6 3 16 825 847 10 0 4 0 3933 3604 11
21 3 12 929 950 10 11 3 14 397 417 13 7 3 16 488 453 11 2 4 0 1663 1505 11
22 3 12 508 495 13 12 3 14 727 757 10 8 3 16 281 302 17 4 4 0 195 99 9
24 3 12 532 547 13 13 3 14 216 198 20 9 3 16 446 458 13 6 4 0 576 604 6
25 3 12 587 605 13 14 3 14 641 632 11 10 3 16 840 887 10 8 4 0 173 130 11
26 3 12 430 451 15 15 3 14 583 611 11 11 3 16 481 437 13 10 4 0 443 451 6
2 3 13 333 345 13 16 3 14 610 602 11 12 3 16 303 293 17 12 4 0 1384 1428 14
3 3 13 525 538 10 17 3 14 222 177 21 13 3 16 406 433 15 14 4 0 271 316 10
4 3 13 259 224 15 18 3 14 210 233 23 14 3 16 700 749 12 16 4 0 1648 1755 16
5 3 13 436 444 11 19 3 14 330 350 17 15 3 16 332 356 13 18 4 0 279 246 12
6 3 13 218 203 IB 20 3 14 343 335 18 16 3 16 516 521 13 20 4 0 1627 1613 16
a 3 13 259 234 16 23 3 14 283 287 22 17 3 16 231 222 24 22 4 0 441 420 10
15 3 13 242 193 17 25 3 14 315 308 19 20 3 16 289 271 20 24 4 0 646 606 10
17 3 13 202 338 24 26 3 14 309 328 21 4 3 17 281 262 18 28 4 0 201 118 19
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S i gF H K L Fobs F c a l c S igF H
30 4 0 249 278 20 30 4 1 355 350 17 28
0 4 1 3309 2824 11 33 4 1 663 621 13 30
1 4 1 3063 2625 11 36 4 1 357 338 20 32
2 4 1 1321 1550 11 0 4 2 1384 1216 12 33
3 4 1 510 583 5 1 4 2 1158 1037 12 34
4 4 1 263 363 8 2 4 2 467 386 5 36
5 4 1 1200 1012 11 3 4 2 703 620 7 0
S 4 1 144 80 14 4 4 2 1730 1539 12 1
7 4 1 770 586 7 5 4 2 1905 1748 12 2
8 4 1 392 437 7 6 4 2 1332 1191 13 3
9 4 1 654 588 7 7 4 2 823 793 8 4
10 4 1 204 157 12 8 4 2 217 231 10 5
11 4 1 857 871 9 9 4 2 631 607 6 6
12 4 1 234 283 11 10 4 2 18 24 1674 15 7
13 4 1 1735 1680 17 11 4 2 551 573 7 8
14 4 1 635 651 7 12 4 2 1237 1247 12 9
15 4 1 447 423 8 13 4 2 181 101 14 10
16 4 1 349 245 11 14 4 2 1020 1051 10 11
17 4 1 1466 1477 14 15 4 2 528 484 8 12
18 4 1 434 456 10 16 4 2 1464 1452 IS 13
19 4 1 439 450 11 17 4 2 230 278 15 14
20 4 1 616 617 9 18 4 2 580 560 9 15
21 4 1 332 381 12 19 4 2 1187 1260 11 16
22 4 1 272 244 14 20 4 2 754 816 9 17
23 4 1 253 237 16 21 4 2 215 239 18 18
24 4 1 596 508 10 22 4 2 167 179 21 19
27 4 1 354 327 14 23 4 2 448 501 11 20
28 4 1 197 250 23 26 4 2 295 270 15 21
29 4 1 550 524 12 27 4 2 427 457 14 22
K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
4 2 451 530 16 23 4 3 381 566 13
4 2 339 345 16 24 4 3 330 423 14
4 2 340 324 17 27 4 3 483 471 12
4 2 216 282 29 32 4 3 223 162 24
4 2 333 375 19 33 4 3 290 286 23
4 2 357 344 18 35 4 3 260 282 23
4 3 2034 1777 12 0 4 4 347 324 8
4 3 861 880 3 1 4 4 1087 838 10
4 3 453 445 ' 6 2 4 4 553 455 6
4 3 1020 913 10 3 4 4 422 377 7
4 3 284 246 8 4 4 4 494 432 6
4 3 1750 1602 13 5 4 4 226 218 11
4 3 506 480 6 6 4 4 1007 866 10
4 3 1428 1418 14 7 4 4 807 784 8
4 3 418 416 7 8 4 4 550 564 7
4 3 236 329 10 9 4 4 873 942 8
4 3 1066 980 11 10 4 4 1430 1391 14
4 3 610 706 7 11 4 4 1044 1058 11
4 3 205 198 12 12 4 4 1034 1059 10
4 3 839 902 9 13 4 4 672 636 7
4 3 1057 1058 11 14 4 4 848 886 9
4 3 1454 1356 14 15 4 4 240 274 14
4 3 633 668 8 16 4 4 831 820 8
4 3 544 504 9 18 4 4 811 806 8
4 3 608 626 9 20 4 4 230 240 15
4 3 666 785 9 21 4 4 471 497 10
4 3 317 404 13 22 4 4 217 283 19
4 3 467 601 11 24 4 4 265 267 16
4 3 175 216 22 25 4 4 426 452 12
TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
11 K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
27 4 4 296 284 16 22 4 5 337 389 14 22
28 4 4 631 614 11 23 4 5 557 503 10 24
29 4 4 543 579 14 24 4 5 763 758 10 25
30 4 4 328 394 19 28 4 5 283 345 17 26
32 4 4 486 484 15 29 4 5 443 400 13 28
33 4 4 411 455 18 30 4 5 370 356 15 29
34 4 4 228 354 30 31 4 5 235 215 22 32
0 4 5 1578 1474 14 33 4 5 358 372 16 33
1 4 5 1340 ' 1165 13 0 4 6 2322 2189 15 0
2 4 5 455 436 7 1 4 6 595 563 7 1
3 4 S 523 541 6 2 4 6 446 398 8 2
4 4 5 1303 1303 14 3 4 6 542 437 7 3
5 4 5 682 738 6 4 4 6 1259 1294 12 4
6 4 5 292 359 9 5 4 6 639 665 7 5
7 4 5 471 467 7 6 4 6 390 377 8 7
8 4 5 971 957 10 7 4 6 541 560 7 8
9 4 5 1251 1238 13 6 4 6 879 804 8 9
10 4 5 361 288 9 9 4 6 976 943 10 10
11 4 5 336 364 9 10 4 6 452 429 9 11
12 4 5 296 306 11 11 4 6 1099 1055 11 12
13 4 5 482 461 9 12 4 6 1171 1093 11 13
14 4 5 530 604 9 13 4 6 1351 1343 14 14
15 4 5 203 239 15 14 4 6 712 692 8 15
16 4 5 349 384 11 15 4 6 152 152 22 16
17 4 5 865 868 8 16 4 6 939 960 10 17
18 4 5 404 444 11 17 4 6 664 605 9 18
19 4 5 492 555 10 18 4 6 250 252 15 19
20 4 5 557 560 10 19 4 6 384 380 12 21
21 4 5 305 359 13 20 4 6 502 499 10 22
K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
4 6 250 221 16 25 4 7 395 365 13
4 6 560 579 11 26 4 7 477 403 12
4 6 330 357 14 27 4 7 373 367 14
4 6 207 209 21 28 4 7 533 534 12
4 6 369 310 15 29 4 7 510 466 13
4 6 437 453 14 30 4 7 385 444 16
4 6 322 316 19 31 4 7 274 292 21
4 6 318 279 19 32 4 7 215 152 24
4 7 1688 1500 15 33 4 7 468 501 15
4 7 463 467 7 0 4 8 840 875 8
4 7 732 586 7 1 4 a 653 725 7
4 7 372 351 9 2 4 8 725 726 7
4 7 1516 1405 IS 3 4 8 1605 1566 15
4 7 1469 1429 14 4 4 8 941 903 10
4 7 706 656 7 5 4 8 663 682 7
4 7 601 560 8 6 4 3 438 421 9
4 7 1304 1326 14 7 4 8 409 439 9
4 7 1368 1325 14 8 4 8 434 443 9
4 7 783 832 8 9 4 8 352 357 10
4 7 717 774 8 10 4 8 518 558 9
4 7 844 894 9 13 4 8 174 171 18
4 7 598 621 9 14 4 8 154 119 22
4 7 325 353 12 15 4 8 561 561 9
4 7 362 287 11 16 4 8 371 361 11
4 7 1077 1085 10 17 4 8 185 207 19
4 7 329 360 12 18 4 8 601 594 9
4 7 346 304 11 19 4 3 1004 1020 10
4 7 454 408 12 20 4 8 277 313 15
4 7 189 279 21 21 4 8 199 200 18
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TABLE III.B-4, cont'd.: observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H
22 4 8 314 342 15 25 4 9 342 285 15 26
23 4 8 427 458 12 26 4 9 253 282 19 28
24 4 8 316 344 15 27 4 9 324 305 16 0
26 4 8 356 365 15 31 4 9 414 388 17 1
27 4 8 380 394 15 32 4 9 236 262 24 2
29 4 8 218 157 23 0 4 10 365 383 11 3
33 4 8 304 254 18 1 4 10 268 183 12 4
1 4 9 571 620 8 2 4 10 741 746 a 5
2 4 9 508 524 8 3 4 10 489 489 9 6
3 4 9 817 772 9 4 4 10 778 780 8 7
4 4 9 278 247 12 5 4 10 339 311 11 8
5 4 9 697 628 8 6 4 10 493 497 9 9
6 4 9 868 831 8 7 4 10 853 827 9 10
7 4 9 418 421 10 8 4 10 689 713 8 11
S 4 9 524 551 9 10 4 10 196 161 17 12
9 4 9 895 977 9 11 4 10 447 453 10 14
10 4 9 684 727 8 12 4 10 447 434 10 15
11 4 9 780 770 8 13 4 10 446 387 11 16
12 4 9 455 448 10 14 4 10 802 797 9 17
13 4 9 437 459 10 15 4 10 441 478 12 18
14 4 9 954 931 10 16 4 10 230 223 18 19
15 4 9 708 756 9 17 4 10 345 376 14 20
16 4 9 218 217 18 18 4 10 844 880 10 21
17 4 9 524 564 10 19 4 10 306 340 15 22
18 4 9 397 391 12 20 4 10 232 167 19 23
19 4 9 354 349 14 22 4 10 4 66 471 13 24
20 4 9 492 545 12 23 4 10 262 251 18 25
22 4 9 253 296 18 24 4 10 447 451 14 26
24 4 9 325 397 15 25 4 10 180 188 27 29
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K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
4 10 206 188 24 0 4 12 717 692 9
4 10 205 2 2 B 26 1 4 12 593 555 9
4 11 1496 1476 14 2 4 12 241 153 14
4 11 1567 1494 IS 3 4 12 391 402 11
4 11 743 729 8 4 4 12 706 702 8
4 11 375 441 10 5 4 12 752 765 8
4 11 795 781 8 6 4 12 274 292 14
4 11 849 390 9 7 4 12 292 289 13
4 11 285 244 13 8 4 12 526 522 9
4 11 257 277 14 9 4 12 536 514 10
4 11 291 243 13 10 4 12 212 243 19
4 11 362 355 11 11 4 12 162 122 23
4 11 192 119 17 12 4 12 629 647 10
4 11 307 289 13 13 4 12 606 646 10
4 11 152 141 23 14 4 12 216 187 20
4 11 177 152 21 15 4 12 338 371 14
4 11 634 6 B 8 10 16 4 12 526 520 12
4 11 446 451 13 17 4 12 298 280 16
4 11 665 741 10 18 4 12 313 268 15
4 11 445 469 13 19 4 12 314 314 16
4 11 413 482 14 20 4 12 323 358 17
4 11 682 709 11 23 4 12 210 199 25
4 11 606 569 12 24 4 12 297 267 19
4 11 387 414 14 25 4 12 197 189 28
4 11 270 305 19 26 4 12 277 227 20
4 11 392 404 15 28 4 12 241 264 26
4 11 470 447 14 0 4 13 181 166 21
4 11 214 236 26 1 4 13 682 643 10
4 11 256 187 23 2 4 13 843 810 9
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TABLE III-B-4, cont'd.: Observed and Calculated Structure Factors
V al ue s of 10*Fobs and 10*Fcale
H K L Fobs F c a l c S ig F H K L Fobs F c a l c SigF H
3 4 13 203 176 19 9 4 14 276 254 15 7
4 4 13 699 668 9 10 4 14 393 437 13 8
5 4 13 549 547 10 16 4 14 325 358 17 10
3 4 13 485 499 11 17 4 14 428 454 14 12
9 4 13 217 224 19 19 4 14 205 238 26 13
10 4 13 340 371 14 21 4 14 262 289 23 14
11 4 13 307 333 15 22 4 14 245 248 23 15
12 4 13 257 282 IS 24 4 14 453 455 16 16
13 4 13 257 261 17 4 4 15 283 281 16 20
15 4 13 316 337 16 5 4 15 399 367 13 1
16 4 13 459 441 13 6 4 15 312 323 15 4
17 4 13 430 461 13 7 4 15 699 719 10 5
13 4 13 313 245 16 3 4 15 222 238 . 20 6
19 4 13 609 617 12 9 4 15 601 616 11 8
20 4 13 386 402 15 10 4 15 651 670 11 9
21 4 13 408 438 15 11 4 15 661 693 11 10
22 4 13 218 188 23 12 4 15 236 211 20 11
23 4 13 296 218 19 13 4 15 202 173 23 12
25 4 13 316 282 20 14 4 IS 538 530 12 1
26 4 13 347 351 19 15 4 15 247 323 22 5
0 4 14 620 608 10 16 4 15 293 255 19 8
1 4 14 398 382 13 17 4 15 242 259 22 9
2 4 14 806 823 9 19 4 15 247 224 22 12
3 4 14 467 451 12 22 4 15 228 244 26 1
4 4 14 522 491 11 1 4 16 207 189 22 2
5 4 14 431 422 12 2 4 16 557 579 12 3
6 4 14 622 622 10 4 4 16 186 230 23 0
1 4 14 422 414 12 5 4 16 245 260 19 2
3 4 14 447 431 12 6 4 16 394 427 14 4
K L Fobs F c a l c S igF H K L F obs F c a l c S igF
4 16 395 371 14 6 5 0 1769 1642 13
4 16 290 306 18 8 5 0 1691 1718 14
4 16 217 244 22 10 5 0 347 265 7
4 16 224 227 23 12 5 0 253 276 10
4 16 290 274 18 14 5 0 710 776 7
4 16 465 456 14 16 5 0 485 560 8
4 16 192 165 26 18 5 0 146 299 21
4 16 281 271 19 20 5 0 477 527 10
4 16 223 223 26 22 5 0 367 402 11
4 17 496 454 13 24 5 0 165 56 21
4 17 233 273 23 28 5 0 222 180 20
4 17 675 714 12 1 5 1 1279 1194 12
4 17 178 87 25 2 5 1 1710 1543 13
4 17 368 399 16 3 5 1 657 605 7
4 17 408 420 IS 4 5 1 868 871 8
4 17 380 379 15 5 5 1 2358 2174 13
4 17 272 286 20 6 5 1 1749 1591 14
4 17 326 299 18 7 5 1 526 536 6
4 18 374 297 16 8 5 1 336 298 8
4 13 263 246 20 9 5 1 1782 1735 15
4 18 540 581 14 10 5 1 674 695 7
4 18 301 290 20 11 5 1 1480 1388 15
4 18 513 564 14 12 5 1 643 695 7
4 19 407 402 16 13 5 1 351 324 9
4 19 231 230 24 14 5 1 502 520 3
4 19 310 318 18 15 5 1 979 872 9
5 0 438 464 6 16 5 1 1373 1341 14
5 0 730 666 8 17 5 1 1394 1370 14
5 0 1462 1400 13 18 5 1 763 655 B
TABLE I I I . B - 4 ,  c o n t ' d . :  o b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a lu e s o f 10*Fobs  and  1 0 * F c a l c
H K L Fobs  F c a l c  S ig F H K L Fobs  F c a l c  S ig F H
20 5 1 513 586 10 23 5 2 208 223 19 2S
21 5 1 1 9 1 2 1 8 6 9 20 24 5 2 195 252 20 26
22 5 1 541 542 10 25 5 2 333 378 14 27
24 5 1 261 256 17 26 5 2 359 383 14 29
25 5 1 9 7 2 9 1 0 10 28 5 2 252 275 19 31
26 5 1 433 393 13 1 5 3 572 525 6 32
29 5 1 506 472 13 2 5 3 18 76 153 1 14 35
30 5 1 333 313 17 3 5 3 2 8 1 9 2 33 1 15 0
34 5 1 286 261 21 4 5 3 414 278 8 1
1 5 2 609 833 6 5 5 3 1 9 9 5 16 30 16 3
2 S 2 11 50 1 2 5 0 12 6 5 3 20 6 8 1 7 6 3 16 4
3 5 2 424 408 6 7 5 3 27 03 242 4 17 5
4 5 2 104 3 980 11 8 5 3 599 428 7 6
5 5 2 7 1 9 713 7 9 5 3 2 5 9 0 2172 17 7
i 6 5 2 1 1 7 6 1061 11 10 5 3 590 49 2 8 8
1 8 5 2 9 5 2 874 9 11 5 3 2499 2039 19 9
9 5 2 183 13 1 12 12 5 3 473 384 10 10
10 5 2 37 1 379 8 13 5 3 1 5 5 9 1215 16 11
11 5 2 1 2 0 7 1 2 2 8 13 14 5 3 819 703 9 14
12 5 2 6 0 9 580 7 15 5 3 1 7 1 1 1 4 3 1 15 15
13 5 2 314 433 11 16 5 3 579 533 10 16
14 5 2 233 312 13 17 5 3 546 541 10 17
15 5 2 260 21 8 13 18 5 3 428 442 13 18
16 5 2 47 8 564 9 19 5 3 41 5 378 13 19
17 5 2 57 0 75 6 9 20 5 3 568 474 11 20
19 5 2 262 376 14 21 5 3 544 541 12 21
20 5 2 66 3 667 9 22 5 3 223 18 2 20 23
21 5 2 296 296 13 23 5 3 399 36 9 14 24
22 5 2 334 394 12 24 5 3 5 65 561 12 27
K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
5 3 298 292 19 28 5 4 259 235 18
5 3 30 2 254 18 33 5 4 210 148 23
5 3 72 5 726 12 0 5 5 1 01 5 964 10
5 3 23 2 22 7 24 1 5 5 684 593 7
5 3 475 50 3 16 2 5 5 315 290 8
5 3 245 193 25 3 5 5 395 418 7
5 3 400 395 19 4 5 5 691 690 7
5 4 1 67 137 14 5 5 5 848 828 8
5 4 622 546 43 6 5 5 584 611 7
5 4 571 595 79 7 5 5 1010 1001 10
5 4 741 789 81 8 5 5 2 03 9 1908 16
5 4 603 581 90 9 5 5 934 880 9
5 4 220 194 11 10 5 5 733 750 8
5 4 316 277 19 11 5 5 789 799 8
5 4 957 958 44 12 5 5 1836 1842 18
5 4 614 642 7 13 5 5 879 842 9
5 4 183 163 14 14 5 5 263 268 13
5 4 191 205 16 15 5 5 492 427 9
5 4 3 35 360 11 16 5 5 753 749 8
5 4 396 465 10 17 5 5 368 423 11
5 4 407 412 10 18 5 5 265 259 14
5 4 569 584 9 19 5 5 28 7 283 14
5 4 286 301 13 20 5 5 390 3 77 11
5 4 289 280 14 21 5 5 945 388 9
5 4 196 197 17 22 5 5 352 382 14
5 4 421 453 11 23 5 5 175 175 23
5 4 193 143 20 24 5 5 211 208 20
5 4 229 226 18 25 5 5 683 660 10
5 4 242 232 18 26 5 5 727 739 11
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TABLE III.B—4 t cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
27 5 5 281 363 22 23 5 6 322 333 14 25
2 S 5 5 352 3 50 15 24 5 6 199 170 21 26
29 5 S 392 439 15 25 5 6 173 133 25 27
30 5 5 725 720 12 27 5 6 349 318 15 29
32 5 5 432 450 16 0 5 7 226 231 14 31
33 5 5 277 257 24 1 5 7 791 834 7 33
34 5 5 427 446 17 2 5 7 1016 989 10 1
0 5 6 131 153 18 3 5 7 1147 1182 11 2
1 5 6 636 626 7 4 5 7 1142 1112 11 3
2 5 6 553 541 7 5 5 1654 1523 16 4
3 5 6 57 4 582 7 6 5 7 617 595 8 5
4 5 6 911 883 9 7 5 7 845 780 9 6
5 5 6 697 720 7 8 5 7 581 583 8 7
6 5 6 411 438 8 9 5 7 459 476 9 8
7 5 6 397 411 9 10 5 7 240 222 14 11
a 5 6 755 774 7 11 5 7 375 388 11 12
9 5 6 408 456 10 12 5 7 169 139 20 13
10 5 6 246 236 14 13 5 7 394 403 11 14
11 5 6 191 179 17 14 5 7 766 807 8 15
12 5 6 331 263 12 15 5 7 581 582 9 16
13 5 6 805 784 8 16 5 7 606 619 9 17
14 5 6 552 568 9 17 5 7 827 787 9 18
15 5 6 667 682 9 18 5 7 889 330 9 19
16 S 6 453 465 10 19 5 7 400 389 12 21
17 5 6 538 568 10 20 5 7 312 281 15 22
18 5 6 485 502 10 21 5 7 1008 1044 9 24
19 5 6 244 294 16 22 5 7 501 516 11 25
21 5 6 372 308 13 23 5 7 385 401 13 31
22 5 6 263 276 17 24 5 7 561 558 11 1
K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
5 7 958 969 10 2 5 9 1601 1561 17
5 7 407 398 14 3 5 9 1175 1210 11
5 7 354 359 15 4 5 9 149 132 22
5 7 591 564 13 5 5 9 565 569 9
5 7 320 264 18 6 5 9 588 645 9
5 7 237 212 22 7 5 9 745 794 8
5 8 371 379 11 8 5 9 206 206 18
5 8 503 528 9 9 5 9 736 79 B 8
5 8 676 700 3 10 5 9 744 735 8
5 8 367 375 11 11 5 9 a 20 751 9
5 8 299 230 13 12 5 9 491 493 10
5 8 278 279 13 13 5 9 684 677 9
5 8 204 204 17 14 5 9 521 502 10
5 8 277 266 13 16 5 9 547 582 10
5 8 597 643 9 17 5 9 560 542 10
5 a 237 292 16 18 5 9 869 936 9
5 B 435 441 11 19 5 9 789 777 10
5 8 296 239 13 20 5 9 558 533 11
5 8 169 204 22 21 5 9 323 357 15
5 8 392 422 11 22 5 9 625 592 11
5 8 394 371 11 23 5 9 578 550 11
5 8 396 392 13 24 5 9 419 442 13
5 3 357 377 13 25 5 9 254 208 19
5 8 289 246 15 26 5 9 516 502 13
5 8 229 213 19 27 5 9 234 26 6 22
5 8 246 253 18 28 5 9 222 199 24
5 B 220 208 20 29 5 9 237 210 22
5 3 363 332 16 1 5 10 203 194 17
5 9 934 911 9 2 5 10 248 238 15
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TABLE I I I . B - 4 ,  c o n t ' d . :  O b s e r v e d  an d  C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a l u e s  o f  10*Fobs  and  1 0 * F c a l c
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S i gF H
4 5 10 361 363 11 13 5 11 981 1029 10 3
5 5 10 406 399 10 14 5 11 526 519 11 4
6 5 10 425 430 10 16 5 11 410 438 13 5
7 5 10 485 514 10 17 5 11 802 808 10 7
8 5 10 312 313 13 18 5 11 266 250 17 8
9 5 10 536 527 10 20 5 11 210 182 23 9
10 5 10 316 333 13 24 5 11 195 261 28 10
12 5 10 293 326 14 25 5 11 262 246 21 11
13 5 10 185 193 21 0 5 12 215 176 19 12
15 5 10 691 758 10 1 5 12 259 262 16 13
16 5 10 287 266 16 2 5 12 245 260 16 14
18 5 10 223 121 18 3 5 12 292 259 13 15
20 5 10 211 234 20 4 5 12 397 366 12 16
21 5 10 310 311 16 5 5 12 177 201 22 17
24 5 10 235 215 19 7 5 12 271 281 16 18
25 5 10 329 281 17 8 5 12 273 230 16 19
27 5 10 223 159 24 9 5 12 161 85 24 20
1 5 11 340 316 12 10 5 12 275 272 16 21
2 5 11 368 343 11 11 5 12 238 256 19 22
3 5 11 1086 1087 11 12 5 12 337 352 15 23
4 5 11 811 776 8 13 5 12 341 314 15 24
5 5 11 266 302 14 15 5 12 222 291 22 25
6 5 11 266 296 14 16 5 12 319 306 16 0
7 5 11 1118 1098 11 20 5 12 282 276 19 2
8 5 11 932 936 9 21 5 12 278 236 19 3
9 5 11 726 697 9 24 5 12 299 228 19 5
10 5 11 544 519 10 0 5 13 348 368 13 6
11 5 11 422 471 12 1 5 13 460 442 11 7
12 5 11 756 747 10 2 5 13 326 303 13 11
K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
5 13 515 571 10 12 5 14 313 271 15
5 13 470 436 11 14 5 14 194 260 26
5 13 302 269 15 15 5 14 255 229 20
5 13 671 668 10 17 5 14 207 209 24
5 13 475 484 11 18 5 14 253 197 21
5 13 497 491 11 19 5 14 261 209 22
5 13 473 502 12 0 5 15 242 242 19
5 13 543 564 11 1 5 IS 861 841 10
5 13 319 299 15 2 5 IS 768 750 10
5 13 542 555 11 3 5 IS 951 982 10
5 13 379 429 14 4 5 15 185 194 24
5 13 394 383 14 5 5 15 357 369 14
5 13 381 454 IS 6 5 15 364 410 14
5 13 405 362 14 7 5 15 337 325 15
5 13 313 340 17 8 5 15 196 202 22
5 13 177 211 26 9 5 15 309 279 16
5 13 273 293 20 10 5 15 321 311 15
5 13 473 498 14 12 5 15 429 424 14
5 13 221 212 25 15 5 15 375 391 16
5 13 278 312 22 16 5 15 260 286 22
5 13 265 325 23 19 5 15 540 531 15
5 13 441 417 15 20 5 15 276 298 23
5 14 220 263 20 21 5 15 212 216 28
5 14 290 312 16 22 5 15 373 365 18
5 14 339 348 14 0 5 16 363 374 14
5 14 345 387 14 2 5 16 232 246 21
5 14 352 376 14 6 5 16 257 224 18
5 14 517 446 11 7 5 16 363 356 14
5 14 219 227 20 8 5 16 ' 251 259 20
1
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TABLE I I I . B - 4 ,  c o n t ' d . :  O b s e r v e d  and C a l c u l a t e d  S t r u c t u r e  F a c t o r s
V a l u e s  o f  10*Fobs  and  1 0 * F c a l c
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F H
12 S 16 225 . 212 24 14 6 0 167 196 17 19
14 5 16 214 295 26 16 6 0 2613 2519 18 20
15 5 16 284 261 20 18 6 0 905 1024 9 21
0 5 17 538 533 12 20 6 0 1386 1430 14 22
1 5 17 381 355 16 22 6 0 787 363 9 23
3 5 17 644 621 12 24 6 0 258 342 16 25
4 5 17 316 337 17 26 6 0 480 392 12 26
7 5 17 687 657 12 28 6 0 301 257 16 28
9 5 17 329 350 18 30 6 0 292 333 19 29
10 5 17 354 380 16 32 6 0 217 193 23 33
11 5 17 332 332 17 0 6 1 405 331 7 0
13 5 17 538 531 14 1 6 1 327 288 7 1
17 5 17 337 314 18 2 6 1 509 414 6 3
3 5 18 231 217 24 3 6 1 236 235 10 5
5 5 18 271 265 21 4 6 1 175 189 12 6
S 5 18 192 145 27 . 5 6 1 582 480 7 7
10 5 18 217 205 26 6 6 1 935 914 9 8
0 5 19 275 303 23 7 6 1 340 288 8 9
2 5 19 263 237 23 8 6 1 248 257 10 10
4 5 19 257 252 23 9 6 1 1001 952 10 11
6 5 19 409 405 16 10 6 1 872 815 9 12
7 5 19 454 463 16 11 6 1 379 339 8 13
0 6 0 3730 3540 13 12 6 1 339 341 10 14
2 6 0 522 510 6 13 6 1 566 579 8 15
4 6 0 2900 2730 13 14 6 1 284 285 12 16
6 6 0 607 532 6 15 6 1 293 272 12 18
8 6 0 1642 1773 15 16 6 1 269 215 12 19
10 6 0 371 531 8 17 6 1 666 669 8 20
12 e 0 591 694 7 18 6 1 557 560 9 21
K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
6 1 478 472 10 22 6 2 419 396 12
6 1 262 293 15 23 6 2 796 734 9
6 1 316 299 13 24 6 2 187 175 22
6 1 254 271 17 25 6 2 177 119 22
6 1 204 199 19 26 6 2 215 281 20
6 1 170 205 25 27 6 2 250 306 19
6 1 245 199 18 28 6 2 397 369 14
6 1 326 335 16 29 6 2 406 448 14
6 1 289 212 17 30 6 2 518 508 13
6 1 408 385 16 32 6 2 624 618 13
6 2 1566 2195 14 34 6 2 306 364 20
6 2 1496 2049 13 0 6 3 1050 986 11
6 2 412 713 7 1 6 3 883 835 9
6 2 816 1441 10 2 6 3 576 506 7
6 2 567 783 6 3 6 3 1384 1142 14
6 2 306 575 8 4 6 3 486 423 8
6 2 249 362 10 5 6 3 213 183 14
6 2 859 1076 9 6 6 3 407 340 10
6 2 648 743 7 7 6 3 445 342 9
6 2 152 109 17 8 6 3 288 255 13
6 2 812 781 a 9 6 3 1021 840 11
6 2 579 663 8 10 6 3 261 191 16
6 2 1172 1073 10 11 6 3 684 547 10
6 2 802 867 8 12 6 3 370 293 13
6 2 1730 1686 16 13 6 3 259 185 18
6 2 739 780 8 14 6 3 319 244 17
6 2 1163 1159 12 15 6 3 427 350 14
6 2 299 309 13 16 6 3 841 664 11
6 2 421 462 11 17 6 3 1268 1001 12
1
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
K K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
18 6 3 562 410 13 32 6 4 763 758 37 33
19 6 3 315 216 20 34 6 4 523 532 21 0
20 6 3 555 4 2 B 14 0 6 5 436 423 7 1
21 6 3 712 533 13 1 6 5 1215 1091 12 2
23 6 3 633 533 16 2 6 5 531 502 7 3
26 6 3 329 307 26 3 6 5 587 583 7 4
29 6 3 249 172 36 4 6 5 825 800 8 5
0 6 4 1960 1725 23 5 6 5 293 316 10 6
1 6 4 2275 1954 62 6 6 5 187 167 14 7
2 E 4 751 664 63 7 6 5 299 314 11 8
3 6 4 983 844 62 8 6 5 378 391 10 9
4 6 4 334 326 8 9 6 5 179 169 17 10
5 6 4 690 752 61 10 6 5 598 579 8 11
6 6 4 1644 1614 154 13 6 5 519 519 9 12
7 6 4 769 867 45 14 6 5 505 502 10 13
8 6 4 193 232 14 15 6 5 370 354 11 14
9 6 4 1112 1064 41 17 6 5 319 303 13 15
10 6 4 1565 1580 113 18 6 5 507 481 10 16
11 6 4 578 632 35 19 6 5 393 3 B 5 11 17
12 6 4 870 905 24 20 6 5 253 265 18 19
13 6 4 1126 1209 65 21 6 5 375 421 13 20
14 6 4 951 941 29 22 6 5 258 253 16 21
15 6 4 408 393 23 23 6 5 171 162 23 22
16 6 4 712 710 45 24 6 5 240 259 19 24
17 6 4 660 652 60 25 6 5 229 239 20 25
13 6 4 610 627 45 26 6 5 213 235 20 26
19 6 4 267 305 38 28 6 5 193 201 22 27
20 6 4 240 222 19 29 6 5 362 320 16 28
27 6 4 298 340 39 31 6 5 187 178 27 29
K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
6 5 221 197 25 30 6 6 293 320 20
6 6 1870 1819 17 31 6 6 279 276 20
6 6 476 458 8 32 6 6 321 292 18
6 6 163 160 17 33 6 6 428 407 16
6 6 468 455 8 0 6 7 573 522 8
6 6 2093 1962 17 1 6 7 652 602 8
6 6 836 781 8 2 6 7 721 658 8
6 6 349 256 10 3 6 7 501 449 9
6 6 1015 973 10 4 6 7 162 174 20
6 6 1385 1381 13 5 6 7 324 315 11
6 6 1393 1334 14 7 6 7 471 441 10
6 6 768 847 8 8 6 7 635 624 8
6 6 293 324 13 9 6 7 658 677 8
6 6 659 712 8 10 6 7 432 473 9
6 6 1183 1115 11 11 6 7 505 549 10
6 6 526 471 9 12 6 7 308 299 13
6 6 492 472 10 13 6 7 979 949 10
6 6 732 721 9 14 6 7 294 311 13
6 6 388 364 11 15 6 7 296 302 14
6 6 181 248 22 17 6 7 339 324 13
6 6 625 629 10 18 6 7 477 490 11
6 6 433 517 12 21 6 7 267 243 17
6 6 308 360 15 23 6 7 307 338 16
6 6 419 455 13 25 6 7 243 223 20
6 6 718 736 10 26 6 7 206 191 23
6 6 585 531 12 29 6 7 487 421 14
6 6 192 252 26 0 6 8 2203 2055 18
6 6 190 162 26 1 6 8 1106 1093 11
6 6 498 478 13 2 6 8 719 560 8
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TABLE III.B-4, cont'd.: observed and Calculated Structure Factors
V a lu e s o f  10*F obs  and 1 0 * F c a l c
H K L Fob s  F c a l c  S igF H K L Fobs F c a l c  S i g F H
3 6 a 813 B04 8 3 6 9 401 412 12 11
4 6 8 6 3 5 7 2 7 9 4 6 9 375 339 12 12
5 6 a 674 700 8 5 6 9 493 522 10 13
6 6 a 633 7 1 9 9 6 6 9 460 487 11 14
7 6 8 808 823 8 7 6 9 715 698 9 15
a 6 8 438 490 11 8 6 9 669 691 9 16
9 6 a 218 234 18 9 6 9 472 463 11 17
10 6 a 308 301 13 10 6 9 517 520 10 18
! 11 6 8 356 342 13 11 6 9 4 0 5 388 ' 11 19
14 6 S 4 3 5 4 6 5 11 12 6 9 486 499 11 20
1 15 6 8 6 8 0 6 9 2 9 13 6 9 445 457 11 22
16 6 8 7 5 5 768 9 14 6 9 418 428 11 23
17 6 8 360 326 13 15 6 9 473 4 75 11 24
18 6 8 45 2 4 33 12 16 6 9 208 210 20 25
19 6 a 87 7 8 39 10 17 6 9 305 333 15 27
20 6 a 553 551 12 19 6 9 209 243 21 23
21 6 a 515 481 12 21 6 9 339 351 14 1
22 6 3 406 336 14 23 6 9 312 305 16 3
23 6 3 938 892 10 0 6 10 259 232 14 4
24 6 8 4 9 8 469 12 1 6 10 352 259 12 5
25 6 8 246 220 19 2 6 10 265 2 42 15 7
26 6 8 413 41 9 15 3 6 10 1 1 4 0 1 07 4 11 8
27 6 8 289 310 19 4 6 10 509 494 11 9
28 6 a 334 321 16 5 6 10 592 593 10 10
30 6 a 315 206 18 6 6 10 480 445 11 11
31 6 8 202 1 6 5 28 7 6 10 361 367 13 14
0 6 9 454 421 10 8 6 10 491 487 11 16
1 6 9 7 7 3 746 9 9 6 10 674 645 9 17
2 6 9 276 310 16 10 6 10 541 574 10 18
K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
6 10 358 334 13 19 6 11 294 281 17
6 10 782 804 9 20 6 11 258 234 IS
6 10 385 458 13 21 6 11 259 266 20
6 10 613 633 10 22 6 11 197 179 24
6 10 410 365 13 23 6 11 242 227 22
6 10 192 163 22 2 6 12 386 380 13
6 10 431 386 13 3 6 12 305 348 16
6 10 960 930 10 4 6 12 666 616 10
6 10 392 414 14 5 6 12 554 520 11
6 10 218 27a 24 6 6 12 565 556 11
6 10 467 426 13 7 6 12 247 216 19
6 10 325 367 17 8 6 12 745 766 10
6 10 269 226 20 9 6 12 743 738 10
6 10 305 260 18 11 6 12 613 646 11
6 10 398 327 17 12 6 12 S14 814 10
6 10 490 483 14 13 6 12 803 763 10
6 11 419 414 11 14 6 12 256 315 19
6 11 339 346 12 15 6 12 596 548 12
6 11 392 427 11 16 6 12 599 644 12
6 11 490 506 11 17 6 12 220 228 22
6 11 152 68 23 18 6 12 375 324 15
6 11 216 217 20 20 6 12 189 155 26
6 11 468 457 11 21 6 12 296 364 20
6 11 280 301 16 22 6 12 247 266 25
6 11 191 239 23 24 6 12 345 349 18
6 11 178 211 25 25 6 12 363 381 18
6 11 364 360 14 0 6 13 276 267 16
6 11 224 267 22 1 6 13 318 315 14
6 11 371 433 16 3 6 13 408 393 12
1
5
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H
4 6 13 366 367 13 22 6 14 358 329 18 4
5 6 13 378 400 13 23 6 14 281 290 22 5
6 6 13 369 382 13 1 6 15 356 382 15 6
9 6 13 361 402 14 5 6 15 211 175 22 B
10 6 13 366 356 14 6 6 15 231 286 21 9
11 6 13 297 254 17 8 6 15 225 199 20 1
13 6 13 259 252 19 9 6 15 331 333 16 2
16 6 13 226 189 22 10 6 15 270 292 19 0
17 6 13 391 411 15 11 6 15 187 217 26 2
18 6 13 187 210 27 13 6 15 208 168 26 4
20 6 13 190 222 29 14 6 15 335 329 18 6
21 6 13 313 307 19 0 6 16 213 174 22 8
22 6 13 322 341 20 1 6 16 391 410 14 10
23 6 13 202 188 27 2 6 16 621 662 11 12
0 6 14 668 579 10 3 6 16 469 454 13 14
1 6 14 386 357 13 4 6 16 238 201 20 16
2 6 14 719 676 10 5 6 16 313 291 18 18
3 6 14 433 430 12 6 6 16 483 503 14 20
4 6 14 490 512 12 a 6 16 315 391 18 22
6 6 14 474 508 12 9 6 16 373 366 16 24
8 6 14 520 546 12 11 6 16 247 264 21 26
10 6 14 446 436 13 12 6 16 215 257 27 28
13 6 14 358 402 16 14 6 16 298 333 20 30
14 6 14 429 451 14 18 6 16 465 452 15 32
15 6 14 295 228 18 19 6 16 243 242 25 34
18 6 14 455 511 15 8 6 17 236 217 23 1
19 6 14 242 323 25 9 6 17 244 256 23 2
20 6 14 318 366 21 0 6 18 321 308 19 3
21 6 14 246 185 24 2 6 13 221 165 25 4
K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
6 18 414 440 17 5 7 1 1086 1053 11
6 18 341 320 IS 6 7 1 1073 1014 10
6 18 346 335 17 7 7 1 597 543 6
6 18 686 703 13 8 7 1 342 296 9
6 18 323 336 19 9 7 1 489 548 8
6 19 208 184 28 10 7 1 528 519 7
6 19 327 337 20 11 7 1 415 402 9
7 0 214 244 11 12 7 1 580 563 8
7 0 1996 1886 15 13 7 1 569 580 8
7 0 2014 1917 15 14 7 1 315 304 11
7 0 1027 1065 10 16 7 1 733 765 8
7 0 2019 2182 16 17 7 1 450 448 10
7 0 267 260 11 18 7 1 251 193 14
7 0 1642 1624 16 20 7 1 272 287 14
7 0 499 552 9 21 7 1 819 800 9
7 0 790 90 3 8 22 7 1 192 237 22
7 0 367 472 11 23 7 1 225 179 19
7 0 482 603 10 25 7 1 548 564 12
7 0 288 241 14 26 7 1 265 269 18
7 0 633 633 10 29 7 1 405 389 15
7 0 412 385 12 31 7 1 212 207 25
7 0 605 548 11 0 7 2 186 185 13
7 0 339 346 16 1 7 269 272 10
7 0 196 230 26 2 7 962 1109 11
7 0 383 387 17 3 7 2 773 1107 8
7 1 422 413 7 4 7 2 678 815 8
7 1 655 625 7 5 7 2 198 199 13
7 1 519 555 7 6 7 2 3 77 364 8
7 1 1118 1035 12 7 7 2 1341 1364 14
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
V a l u e s o f  10*Fobs  and 1 0 * F c a l c
H K L Fobs  F c a l c  S igF H K L Fobs F c a l c  S ig F H
: 8 2 784 836 8 9 3 1020 864 10 11
! 9 2 542 567 8 10 3 387 342 12 12
11 2 925 960 9 11 3 777 635 9 13
12 2 563 576 8 12 3 673 507 10 14
13 2 1118 1166 11 13 3 671 568 10 15
14 2 447 429 9 14 3 401 347 14 16
15 2 880 864 9 IS 3 1140 922 11 17
17 2 723 701 8 16 3 292 233 19 18
18 2 315 389 13 17 3 273 213 21 19
19 2 268 347 15 20 3 259 215 26 20
20 2 798 779 9 21 3 356 331 20 22
21 2 387 434 13 23 3 503 371 17 23
22 2 823 804 10 24 3 437 351 20 24
24 2 631 637 10 26 3 436 372 20 25
25 2 463 441 12 27 3 561 428 18 26
26 2 384 375 14 30 3 292 190 32 27
27 2 437 436 13 31 3 420 312 27 28
28 2 480 475 13 32 3 262 183 39 29
29 2 216 149 23 0 4 199 177 15 0
30 2 223 220 23 1 4 575 534 15 1
31 2 334 344 19 2 4 1503 1396 20 2
1 3 498 463 7 3 4 722 707 15 3
2 3 215 137 13 4 4 SOI 750 12 4
3 3 722 645 8 5 4 298 316 11 5
4 3 338 311 10 6 4 1527 1455 15 6
5 3 933 750 10 7 4 970 905 10 7
6 3 1042 939 11 8 4 711 756 12 8
7 3 1013 880 10 9 4 151 195 20 9
8 3 379 274 11 10 4 235 210 14 10
L Fobs Fcalc SigF H K L Fobs Fcalc SigF
4 853 872 11 11 5 498 475 9
4 343 292 16 12 5 1065 950 10
4 655 679 12 13 5 786 753 3
4 233 203 15 14 5 273 285 14
4 596 683 27 16 5 496 472 10
4 670 650 9 17 5 240 279 15
4 681 683 11 18 5 362 380 12
4 506 500 20 19 5 297 237 15
4 166 211 24 20 5 431 369 12
4 671 703 10 21 5 637 584 10
4 1157 1151 12 22 5 356 354 14
4 345 344 15 23 5 234 243 19
4 887 845 26 24 5 174 199 25
4 387 391 14 26 5 526 484 12
4 618 614 17 27 5 431 398 13
4 263 240 19 29 5 315 291 18
4 445 405 14 30 5 230 178 22
4 224 203 29 0 6 665 657 8
5 961 888 9 1 6 1213 1156 13
5 1313 1293 14 2 6 765 736 7
5 468 438 8 3 6 594 616 8
5 278 227 11 4 6 879 816 8
5 956 941 10 5 6 239 324 14
5 792 722 8 6 6 365 291 10
5 553 498 8 7 6 391 409 10
5 491 547 8 8 6 1725 1829 17
5 702 645 7 9 6 406 426 10
5 386 413 10 10 6 155 118 20
5 404 388 10 11 6 301 297 11
155
TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values oE 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F K K L Fobs F c a l c S ig F
12 7 6 1083 1036 10 10 7 7 415 370 10 15 7 8 356 379 14 21 7 9 341 296 15
13 7 6 631 640 9 14 7 7 495 532 10 16 7 8 558 590 11 22 7 9 264 239 18
14 7 6 309 338 12 15 7 7 280 280 15 17 7 8 338 369 15 23 7 9 188 197 24
15 7 6 288 239 13 16 7 7 272 288 16 18 7 8 504 513 12 26 7 9 369 365 17
16 7 G 228 284 16 17 7 7 585 576 11 19 7 8 557 499 11 28 7 9 315 262 18
17 7 6 561 608 10 18 7 7 315 268 15 20 7 8 673 597 10 0 7 10 467 465 12
IS  7 6 241 276 IS 19 7 7 324 320 14 24 7 8 341 313 16 1 7 10 466 467 11
20 7 6 681 739 10 20 7 7 198 251 22 25 7 8 345 352 17 2 7 10 431 459 12
21 7 6 511 453 11 21 7 7 698 700 10 26 7 8 195 159 26 3 7 10 476 489 12
22 7 6 171 144 24 22 7 7 309 319 16 27 7 8 427 352 15 4 7 10 319 303 15
23 7 6 202 231 21 23 7 7 331 289 15 28 7 8 285 354 21 5 7 10 529 490 10
24 7 6 581 539 11 24 7 7 325 275 16 29 7 8 403 358 16 6 7 10 687 678 10
25 7 6 617 620 11 25 7 7 496 492 13 2 7 9 704 718 9 7 7 10 377 397 13
27 7 6 221 180 22 26 7 7 233 220 23 3 7 9 509 482 10 9 7 10 547 537 11
28 7 6 502 487 13 29 7 7 237 262 25 4 7 9 407 396 12 10 7 10 585 622 10
29 7 6 342 366 18 1 7 8 297 291 13 5 7 9 307 245 14 11 7 10 329 320 15
30 7 G 237 179 23 2 7 8 577 520 9 6 7 9 394 331 12 12 7 10 - 224 218 20
31 7 6 234 206 23 3 7 8 737 736 a 7 7 9 507 521 11 14 7 10 517 517 12
32 7 G 317 299 18 4 7 8 620 631 9 8 7 9 368 403 13 15 7 10 790 821 10
0 7 7 994 933 9 5 7 8 540 509 9 9 7 9 603 612 10 16 7 10 691 621 10
1 7 7 704 676 a 6 7 8 649 640 9 10 7 9 563 568 10 17 7 10 611 608 11
2 7 7 172 181 20 7 7 3 1080 1082 10 11 7 9 424 445 12 18 7 10 517 478 12
3 7 7 614 543 a 8 7 8 1095 1076 11 12 7 9 376 326 12 19 7 10 516 491 12
4 7 7 532 503 9 9 7 8 403 380 12 14 7 9 449 431 12 20 7 10 633 706 12
5 7 7 671 696 8 10 7 8 376 345 12 16 7 9 485 488 12 21 7 10 343 387 17
6 7 7 237 255 15 11 7 8 S40 825 9 17 7 9 191 121 22 22 7 10 566 552 13
7 7 7 646 654 8 12 7 3 1090 1124 11 18 7 9 491 549 12 23 7 10 468 476 14
8 7 7 240 189 15 13 7 8 836 856 9 19 7 9 304 291 16 24 7 10 238 257 19
9 7 7 291 316 13 14 7 8 384 374 12 20 7 9 271 241 18 26 7 10 434 404 15
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c SigF K K L Fobs F c a l c S i g F H
27 7 10 229 164 24 14 7 12 306 310 16 21
28 7 10 236 201 24 15 7 12 257 258 20 22
1 7 11 234 243 18 16 7 12 531 554 13 23
3 7 11 352 324 14 17 7 12 652 719 12 1
4 7 11 276 301 17 18 7 12 451 406 14 2
5 7 11 217 149 20 19 7 12 290 268 20 4
7 7 11 502 503 12 20 7 12 589 579 13 5
8 7 11 530 495 12 21 7 12 538 485 14 6
9 7 11 634 659 10 22 7 12 277 285 23 3
10 7 11 327 306 IS 24 7 12 219 237 28 9
11 7 11 336 306 15 25 7 12 353 336 19 10
12 7 11 559 540 11 26 7 12 212 193 29 11
13 7 11 524 509 11 0 7 13 507 499 11 12
17 7 11 355 332 15 1 7 13 303 327 15 13
18 7 11 189 145 25 2 7 13 308 331 IS 14
19 7 11 204 222 25 3 7 13 171 195 26 15
20 7 11 224 215 21 5 7 13 201 214 22 16
21 7 11 299 273 18 6 7 13 272 30S IS 17
0 7 12 1071 1039 10 7 7 13 357 338 15 18
1 7 12 668 665 10 8 7 13 520 519 12 20
2 7 12 320 347 15 9 7 13 433 479 14 22
3 7 12 538 508 11 11 7 13 198 175 25 0
4 7 12 545 563 12 13 7 13 353 373 15 1
6 7 12 202 177 22 IS 7 13 337 302 17 2
8 7 12 383 398 14 16 7 13 371 335 16 3
9 7 12 321 286 16 17 7 13 204 165 27 11
10 7 12 429 403 13 18 7 13 221 215 25 12
12 7 12 364 404 15 19 7 13 220 246 27 17
13 7 12 316 309 16 20 7 13 231 148 24 19
L Fobs F c a l c S igF H K L Fobs F c a l c S i gF
13 264 249 22 2 7 16 207 134 24
13 197 161 29 4 7 16 218 254 24
13 259 253 26 6 7 16 412 396 15
14 214 221 21 7 7 16 274 241 19
14 465 502 12 8 7 16 342 310 17
14 594 654 11 9 7 16 389 370 17
14 481 457 12 10 7 16 563 568 14
14 733 766 10 11 7 16 359 290 17
14 398 372 15 12 7 16 452 494 16
14 332 372 18 13 7 16 298 359 21
14 545 563 12 15 7 16 232 184 25
14 449 459 14 0 7 17 432 423 15
14 538 523 13 1 7 17 216 176 25
14 256 246 21 3 7 17 343 358 16
14 450 , 489 15 5 7 17 357 351 17
14 387 427 18 13 7 17 376 367 18
14 589 575 13 0 7 18 580 579 14
14 193 160 29 1 7 18 259 186 21
14 225 296 28 3 7 18 433 470 14
14 362 347 18 4 7 18 576 562 14
14 213 230 28 8 7 18 305 307 21
15 198 182 25 0 8 0 914 791 9
15 394 378 14 2 8 0 670 553 7
15 378 364 15 4 8 0 981 854 9
15 737 714 11 6 8 0 540 485 7
15 198 236 29 a 8 0 795 735 8
15 244 234 24 10 8 0 494 491 8
15 303 279 20 14 8 0 577 625 8
15 513 503 16 16 8 0 294 295 12
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
Values o£ 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H
20 8 0 245 277 18 24 8 1 431 384 12 4
22 8 0 182 252 22 25 8 1 351 387 14 5
24 8 0 316 217 15 26 8 1 182 170 26 6
26 8 0 290 320 17 28 8 1 494 486 14 7
28 8 0 332 318 17 29 8 1 897 888 12 8
30 8 0 308 363 20 32 8 1 201 205 29 9
0 8 1 1693 1629 17 33 8 1 837 818 12 10
1 8 1 1356 1225 13 0 8 2 832 874 8 11
2 8 1 943 815 9 1 8 2 185 211 15 12
3 8 1 310 372 10 2 8 2 170 130 17 13
4 8 1 533 552 8 3 8 2 840 935 10 14
5 8 1 858 781 8 4 8 2 179 203 16 15
6 8 1 774 773 7 5 8 2 434 604 8 16
7 8 1 693 655 7 6 8 2 154 224 18 17
8 8 1 576 470 8 7 8 2 644 684 7 18
9 8 1 1354 1306 13 8 8 2 467 588 9 19
10 8 1 889 860 9 9 8 2 686 969 8 20
11 8 1 210 213 14 13 8 2 190 208 17 21
12 8 1 3 66 383 10 14 8 2 298 300 12 22
13 8 1 1233 1204 12 17 8 2 361 335 12 23
14 8 1 871 918 8 18 8 2 265 299 15 24
16 8 1 211 273 16 19 8 2 194 230 20 25
17 8 1 1200 1233 12 20 8 2 314 346 14 27
18 8 1 768 713 9 23 8 2 259 238 18 28
19 8 1 163 194 23 24 8 2 283 330 17 30
20 8 1 253 209 16 0 8 3 264 245 13 0
21 a 1 285 332 15 1 8 3 2366 2160 18 1
22 3 1 339 323 13 2 8 3 534 453 8 2
23 8 1 207 203 21 3 8 3 2352 2121 18 3
K L Fobs  F c a l c  S ig F  H K L Fobs F c a l c  S igF
8 3 405 337 10 6 8 4 247 243 20
8 3 1681 1479 17 7 8 4 695 721 8
8 3 743 664 3 8 8 4 303 315 12
3 3 852 792 9 9 8 4 719 708 27
8 3 480 461 10 10 8 4 822 805 18
8 3 805 765 8 11 8 4 258 276 25
8 3 691 582 9 12 8 4 251 287 22
8 3 647 642 9 13 8 4 414 450 24
8 3 348 340 13 14 8 4 468 454 10
8 3 313 322 14 15 8 4 475 460 10
8 3 680 577 9 16 8 4 501 508 10
8 3 1344 1058 14 20 8 4 178 185 23
8 3 464 422 12 21 8 4 409 422 13
8 3 792 681 10 24 3 4 197 14S 28
a 3 403 372 14 26 8 4 284 286 23
3 3 1176 1042 12 0 8 5 2028 1921 18
8 3 289 294 18 1 8 5 1562 1467 16
8 3 660 650 11 2 e 5 690 678 B
8 3 298 297 18 3 8 5 1070 1120 11
8 3 918 882 11 4 8 5 1297 1252 13
8 3 396 355 16 5 8 5 565 586 8
8 3 183 143 27 7 8 5 426 394 10
3 3 552 514 14 8 8 5 498 480 9
8 3 320 306 20 9 8 5 298 312 12
8 3 217 224 28 10 a 5 651 577 8
8 4 798 820 9 13 a 5 775 727 8
8 4 722 569 14 14 a 5 799 837 9
8 4 558 564 8 15 8 5 820 847 9
8 4 365 433 10 16 8 5 373 395 12
1
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TABLE III.B-4, cont’d.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF K K L Fobs F c a l c S ig F
17 8 5 1066 1077 10 22 8 6 236 226 20 30 8 7 314 317 20 12 8 9 493 466 12
18 8 5 594 592 10 23 8 6 247 167 18 0 8 8 647 691 9 13 8 9 521 547 12
19 8 5 335 391 14 1 8 7 437 402 10 1 8 8 659 585 9 14 8 9 1152 1156 11
20 8 5 707 706 10 2 8 7 1050 939 11 2 8 8 686 633 9 15 8 9 703 698 10
21 8 5 241 183 19 3 8 7 186 161 18 3 a 8 426 458 11 16 8 9 194 237 25
22 8 5 578 575 11 4 8 7 776 710 9 4 B 8 478 452 10 17 8 9 625 618 11
23 a 5 530 485 12 5 8 7 623 585 9 5 8 8 329 298 13 18 8 9 369 377 15
24 8 5 809 763 11 6 8 7 589 625 9 6 8 a 288 316 14 19 8 9 609 555 12
25 8 5 424 416 14 7 8 7 800 772 8 7 8 8 287 262 14 20 8 9 354 396 15
26 8 5 371 344 i s 8 8 7 740 727 8 8 8 8 176 162 22 21 8 9 202 224 24
28 8 5 227 238 25 9 a 7 747 708 8 12 8 8 454 428 12 24 8 9 479 431 14
29 8 5 645 605 13 10 8 7 908 881 9 16 8 8 271 255 17 25 8 9 268 238 22
30 8 5 251 227 23 11 8 7 613 630 9 17 a 8 175 221 25 26 8 9 378 372 17
1 8 6 567 522 8 12 8 7 534 547 10 18 8 8 264 315 18 27 8 9 253 310 25
2 8 6 460 372 9 13 8 7 1114 1135 11 19 8 8 235 237 20 28 8 9 386 362 17
3 8 6 198 230 17 14 8 7 471 470 11 20 8 8 231 241 17 0 8 10 404 349 12
4 8 6 226 165 14 15 8 7 440 374 12 22 8 8 353 392 IS 1 8 10 844 789 9
5 8 6 270 230 13 16 8 7 467 371 12 24 8 8 232 236 24 2 8 10 255 273 17
6 8 6 625 574 8 17 8 7 819 302 10 1 8 9 798 807 8 3 6 10 308 314 15
7 8 6 319 305 12 18 8 7 223 246 20 2 8 9 732 704 9 4 8 10 386 373 13
8 8 6 241 253 14 19 a 7 657 612 11 3 8 9 720 674 9 5 a 10 232 218 20
9 8 6 248 268 14 20 8 7 398 323 13 4 8 9 309 311 14 6 8 10 241 241 18
10 8 6 221 251 16 22 3 7 213 243 21 5 8 9 1040 999 11 9 8 10 270 284 18
12 8 6 375 397 11 23 8 7 434 427 13 6 8 9 1087 1063 11 12 8 10 217 209 20
13 8 6 225 229 17 24 8 7 218 229 21 7 8 9 1024 1078 10 13 8 10 218 154 22
14 8 6 200 251 19 25 8 7 433 381 15 8 a 9 378 358 12 14 8 10 230 158 20
15 8 6 231 233 17 26 8 7 393 368 16 9 8 9 626 656 10 18 8 10 242 182 20
16 8 6 285 277 15 28 8 7 442 411 16 10 8 9 389 927 9 19 8 10 420 415 14
20 8 6 229 234 19 29 8 7 750 691 13 11 8 9 528 554 11 21 8 10 344 352 18
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
V a l u e s o£ 10*Fobs  a n d  1 0 * F c a l c
H K L Fobs  F c a l c  S ig F H K L Fobs  F c a l c  S igF a
0 e 11 676 61 9 10 12 8 12 244 255 21 9
1 8 11 392 77 3 10 13 8 12 2 5 7 219 19 11
2 8 11 480 46 0 12 18 8 12 293 275 19 18
3 8 11 281 291 17 22 8 12 256 198 24 1
4 8 11 629 6 6 5 11 1 8 13 466 456 13 3
5 8 11 776 7 9 2 10 2 8 13 518 502 12 5
7 8 11 17 7 158 25 3 8 13 254 328 22 6
8 8 11 351 3 3 9 16 4 8 13 751 743 11 7
9 8 11 388 422 14 5 8 13 8 0 5 782 11 8
11 8 11 386 359 15 6 8 13 196 204 25 9
12 8 11 284 318 17 8 8 13 3 5 7 376 16 10
14 8 11 216 247 23 9 8 13 614 618 12 11
15 8 11 599 596 12 10 8 13 252 256 21 12
16 8 11 518 493 13 11 8 13 584 644 13 13
17 8 11 536 553 13 12 8 13 513 526 14 14
18 8 11 490 508 14 13 8 13 426 442 15 15
19 8 11 32 7 379 19 14 8 13 236 231 24 5
20 8 11 538 553 14 15 8 13 561 612 14 8
21 8 11 498 464 15 16 8 13 364 340 19 1
22 8 11 333 35 5 19 17 8 13 61 9 576 14 4
23 8 11 25 0 233 24 19 8 13 53 0 486 14 5
24 8 11 39 1 372 17 20 8 13 27 9 317 23 8
25 8 11 413 384 16 21 8 13 48 6 492 15 9
3 a 12 245 273 21 22 8 13 32 1 346 20 10
4 8 12 257 282 20 23 8 13 34 6 299 20 11
6 8 12 240 246 20 0 a 14 S10 476 12 1
a 8 12 211 266 24 1 8 14 483 497 13 0
10 8 12 352 396 17 2 8 14 41 9 452 14 2
11 8 12 188 189 27 6 8 14 22 0 205 23 4
K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
a 14 210 184 25 6 9 0 495 466 3
a 14 358 334 19 8 9 0 2 05 5 2 055 18
8 14 246 206 25 10 9 0 575 61 5 8
8 15 248 263 22 12 9 0 1 573 1602 17
8 15 227 211 23 14 9 0 314 329 12
8 15 301 300 19 16 9 0 761 719 8
8 15 443 444 16 18 9 0 257 236 15
8 15 765 7 5 5 12 22 9 0 213 239 20
8 15 274 280 23 24 9 0 295 311 16
8 15 552 570 14 28 9 0 693 764 12
8 15 548 594 I S 30 9 0 660 6 2 B 13
8 15 663 6 9 7 13 32 9 0 376 316 17
8 15 227 182 26 1 9 1 1 17 5 1 193 12
8 15 208 206 30 2 9 1 343 360 10
8 15 517 538 15 3 9 1 205 253 16
8 15 604 623 14 4 9 1 215 215 14
8 16 208 206 26 5 9 1 975 963 10
8 16 242 213 23 6 9 1 404 391 10
8 17 450 442 15 7 9 1 135 92 20
8 17 293 275 20 8 9 1 437 402 9
8 17 576 629 14 9 9 1 456 494 10
8 17 356 397 19 10 9 1 657 672 8
8 17 552 535 14 11 9 1 269 312 13
8 17 235 221 27 12 9 1 377 422 11
8 17 348 368 19 13 9 1 801 842 8
8 18 323 303 20 14 9 1 258 291 15
9 0 3 95 471 10 15 9 1 194 210 17
9 0 420 416 9 16 9 1 563 644 9
9 0 1 768 1 7 2 8  ' 17 17 9 1 616 632 10
160
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
V a l u e s o f 10 *Fobs and 1 0 * F c a l c
H EC L Fobs  F c a l c  S ig F H K L Fobs F c a l c  S igF H
18 9 1 353 341 13 27 9 2 570 624 13 2
19 9 1 330 323 13 2 B 9 2 466 504 15 3
21 9 1 849 824 9 31 9 2 459 458 15 4
22 9 1 380 375 13 0 9 3 297 285 12 5
23 9 1 446 443 12 1 9 3 297 247 12 6
25 9 1 574 576 12 2 9 3 382 365 10 7
26 9 1 296 303 18 3 9 3 794 734 8 8
27 9 1 260 283 21 4 9 3 434 403 9 9
29 9 1 397 411 16 5 9 3 1006 1000 10 10
30 9 1 256 239 23 6 9 3 380 395 11 11
1 9 2 188 182 16 7 9 3 973 982 10 12
2 9 2 695 904 8 8 9 3 214 219 16 13
3 9 2 548 708 8 9 9 3 1312 1298 13 14
4 9 2 926 1038 9 11 9 3 360 819 8 17
5 9 2 448 497 9 12 9 3 547 532 9 18
7 9 2 868 985 8 13 9 3 223 187 16 19
8 9 2 777 919 7 14 9 3 420 422 11 20
9 9 2 320 375 11 15 9 3 537 547 10 21
11 9 2 438 758 10 17 9 3 198 270 20 22
12 9 2 420 758 10 18 9 3 433 417 11 23
13 9 2 332 495 11 19 9 3 515 533 11 24
16 9 2 189 254 18 20 9 3 355 299 14 25
17 9 2 465 609 11 21 9 3 419 456 13 26
18 9 2 500 654 11 23 9 3 335 292 14 28
19 9 2 204 240 21 24 9 3 198 203 24 30
20 9 2 403 492 13 25 9 3 400 352 14 0
21 9 2 380 430 14 27 9 3 365 364 13 1
22 9 2 756 849 10 0 9 4 458 447 10 2
24 9 2 288 312 17 1 9 4 1143 1066 46 3
K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
9 4 1432 1295 28 4 9 5 345 374 11
9 4 959 873 54 5 9 5 595 611 8
9 4 934 924 10 7 9 5 534 521 9
9 4 349 393 12 8 9 5 970 920 10
9 4 971 916 10 9 9 5 564 557 9
9 4 474 419 10 10 9 5 852 815 9
9 4 160 153 22 11 9 5 438 420 10
9 4 191 195 18 12 9 5 829 789 9
9 4 335 352 12 13 9 5 264 234 15
9 4 196 232 21 14 9 5 386 361 12
9 4 211 175 16 15 9 5 307 278 13
9 4 352 347 12 16 9 5 410 425 12
9 4 330 346 13 17 9 5 605 648 10
9 4 454 442 12 18 9 5 185 186 23
9 4 762 764 26 19 9 5 169 184 25
9 4 304 293 29 20 9 5 256 258 18
9 4 844 819 19 21 9 5 482 396 12
9 4 577 524 15 23 9 5 220 207 22
9 4 788 770 10 24 9 5 218 211 22
9 4 232 256 21 25 9 5 439 485 14
9 4 587 601 12 26 9 5 242 203 23
9 4 524 481 17 28 9 5 325 294 19
9 4 484 442 33 30 9 5 394 367 16
9 4 341 332 18 1 9 6 752 720 8
9 4 335 320 22 2 9 6 522 471 9
9 5 222 253 16 3 9 6 678 731 8
9 5 181 153 18 4 9 6 721 672 8
9 5 461 453 9 5 9 6 795 726 9
9 5 486 496 9 7 9 6 357 314 12
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors
V a l u e s o f 10*Fobs  and 10 * F c a l c
H K L Fobs  F c a l c  S i g F H K L Fobs F c a l c  S ig F H
8 9 6 1114 1050 11 16 9 7 536 545 11 23
9 9 6 385 409 11 17 9 7 424 364 13 24
11 9 6 172 197 21 18 9 7 338 322 IS 27
12 9 6 1015 1053 11 21 9 7 650 680 12 28
13 9 6 381 374 12 22 9 7 413 440 14 0
16 9 6 425 389 12 24 9 7 364 360 17 1
17 9 6 662 635 10 25 9 7 364 373 17 2
19 9 E 264 246 17 28 9 7 257 258 25 3
20 9 6 393 417 14 29 9 7 321 307 19 5
21 9 6 687 648 11 0 9 8 416 389 11 7
24 9 6 227 230 22 2 9 8 541 520 10 9
25 9 6 588 542 12 3 9 8 597 597 9 12
26 9 6 233 214 22 4 9 8 773 712 9 13
28 9 6 276 287 21 5 9 a 344 355 13 14
29 9 6 188 176 28 6 9 8 660 611 9 15
30 9 6 215 147 26 7 9 8 1114 1017 10 17
0 9 7 180 157 19 8 9 8 629 677 10 18
2 9 7 807 791 3 9 9 8 552 504 10 19
3 9 7 416 388 11 10 9 8 717 676 10 20
4 9 7 358 339 12 11 9 8 1006 954 10 21
5 9 7 620 586 9 12 9 8 687 594 10 22
6 9 7 788 764 8 13 9 a 548 522 11 23
7 9 7 599 571 9 14 9 8 519 542 12 24
8 9 7 680 651 9 15 9 8 572 544 11 25
9 9 7 459 505 10 16 9 8 365 382 15 1
12 9 7 377 315 13 17 9 8 343 344 16 2
13 9 7 313 301 15 18 9 a 199 180 24 4
14 9 7 588 665 10 19 9 8 529 528 12 5
15 9 7 429 364 12 20 9 8 337 349 16 6
K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
9 8 260 266 21 7 9 10 362 309 15
9 8 212 208 26 9 9 10 400 367 14
9 8 365 370 19 10 9 10 4 i a 434 14
9 8 311 261 20 11 9 10 431 495 13
9 9 285 274 16 12 9 10 353 365 15
9 9 486 475 11 13 9 10 '  255 222 19
9 9 778 740 9 15 9 10 511 506 12
9 9 787 775 9 16 9 10 568 553 12
9 9 288 268 16 18 9 10 182 184 27
9 9 402 418 13 19 9 10 278 287 21
9 9 518 530 ■ 11 20 9 10 427 395 15
9 9 290 263 17 21 9 10 219 177 24
9 9 598 587 11 22 9 10 458 432 15
9 9 235 282 20 23 9 10 319 286 19
9 9 201 191 22 24 9 10 305 306 21
9 9 418 436 14 25 9 10 357 322 19
9 9 409 485 15 26 9 10 497 455 15
9 9 450 400 14 2 9 11 302 323 17
9 9 281 229 19 3 9 11 380 385 14
9 9 322 327 18 4 9 11 443 443 13
9 9 322 298 19 5 9 11 278 294 19
9 9 286 286 21 7 9 11 309 302 17
9 9 250 250 23 8 9 11 322 308 IE
9 9 210 147 27 9 9 11 403 394 14
9 10 504 481 11 10 9 11 244 244 22
9 10 688 645 10 11 9 11 324 337 17
9 10 373 392 14 12 9 11 603 593 12
9 10 484 461 12 13 9 11 620 593 12
9 10 683 698 11 14 9 11 296 284 19
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
16 9 11 205 290 26 10 9 13 327 279 19 2 9 16 206 222 28 3 10 1 748 696 8
17 9 11 475 503 15 11 9 13 316 327 19 4 9 16 214 243 28 4 10 1 214 246 16
19 9 11 345 308 19 13 9 13 501 548 15 5 9 16 234 300 26 5 10 1 826 841 8
24 9 11 301 354 21 14 9 13 479 474 15 6 9 16 313 303 20 6 10 1 479 431 9
0 9 12 466 451 14 15 9 13 324 312 20 7 9 16 225 267 28 8 10 1 636 672 8
1 9 12 602 563 12 17 9 13 400 347 17 9 9 16 293 276 23 9 10 1 781 793 8
2 9 12 435 429 15 20 9 13 200 135 28 10 9 16 423 ■ 455 18 12 10 1 300 352 13
3 9 12 457 518 14 0 9 14 406 360 15 0 9 17 274 316 23 13 10 1 509 527 10
4 9 12 853 840 11 1 9 14 278 260 21 2 9 17 277 261 21 14 10 1 358 322 12
5 9 12 526 485 13 2 9 14 399 402 16 3 9 17 275 255 23 15 10 1 203 182 18
6 9 12 200 194 25 6 9 14 429 458 17 4 9 17 387 427 18 17 10 1 605 602 10
7 9 12 377 313 17 8 9 14 412 451 17 7 9 17 396 391 19 18 10 1 265 292 16
8 9 12 377 413 16 9 9 14 387 385 17 0 10 0 1571 1475 16 20 10 1 170 259 25
9 9 12 344 365 17 10 9 14 511 469 15 2 10 0 562 505 9 21 10 1 230 198 18
10 9 12 265 294 21 11 9 14 272 257 24 4 10 0 2017 2074 18 22 10 1 386 449 14
12 9 12 284 315 21 12 9 14 499 534 16 6 10 0 151 122 21 23 10 1 234 266 20
13 9 12 390 452 17 14 9 14 548 565 14 8 10 0 856 872 9 25 10 1 217 225 24
15 . 9 12 221 158 25 15 9 14 390 404 18 10 10 0 181 148 18 28 10 1 193 184 23
16 9 12 456 491 16 16 9 14 315 322 21 12 10 0 1048 1064 10 29 10 1 432 459 16
17 9 12 495 493 14 0 9 15 328 3 87 19 14 10 0 649 626 9 0 10 1313 1488 14
18 9 12 215 251 28 1 9 15 327 345 19 16 10 0 1040 984 10 1 10 2 616 741 8
20 9 12 408 359 16 2 9 15 450 413 15 18 10 0 224 225 18 2 10 2 152 248 23
21 9 12 367 351 18 3 9 15 226 197 27 20 10 0 823 836 10 3 10 2 676 671 8
2 9 13 227 239 25 5 9 15 237 209 27 22 10 0 371 364 14 4 10 2 1106 1128 11
4 9 13 396 385 16 9 9 15 300 338 23 24 10 0 544 539 12 5 10 2 640 575 8
5 9 13 445 401 15 13 9 15 269 200 23 26 10 0 478 494 14 6 10 2 1073 1034 11
7 9 13 355 365 18 14 9 IS 207 181 31 30 10 0 300 280 20 7 10 2 590 589 9
8 9 13 261 256 22 0 9 16 208 238 27 0 10 1 969 843 9 9 10 2 285 293 13
9 9 13 381 383 16 1 9 16 298 281 20 2 10 1 222 322 16 10 10 2 867 837 8
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
11 10 2 482 450 10 12 10 3 299 285 13 20 10 4 382 386 27 1 10 6 331 321 12
12 10 2 765 755 9 13 10 3 330 302 13 21 10 4 207 ISO 22 2 10 6 313 285 13
13 10 2 352 378 12 15 10 3 176 183 22 24 10 4 230 212 23 3 10 6 511 490 10
14 10 2 516 480 11 17 10 3 197 284 21 25 10 4 441 423 22 4 10 6 1036 1040 10
15 10 2 545 552 11 19 10 3 512 502 12 26 10 4 290 281 21 5 10 6 878 861 9
16 10 2 996 998 11 20 10 3 387 349 13 28 10 4 562 519 31 6 10 6 501 533 10
17 10 2 216 208 19 21 10 3 253 292 19 29 10 4 419 409 46 7 10 6 193 211 19
18 10 2 768 738 10 23 10 3 422 359 14 0 10 5 350 392 11 8 10 6 521 519 10
19 10 2 327 318 15 24 10 3 ISO 143 26 1 10 5 420 434 11 9 10 6 309 345 14
20 10 2 420 435 14 28 10 3 265 262 23 2 10 5 580 546 9 10 10 6 396 377 12
22 10 2 343 326 15 29 10 3 199 144 28 3 10 5 180 135 18 11 10 6 437 467 12
23 10 2 688 726 11 0 10 4 972 880 30 4 10 5 818 757 8 12 10 6 813 846 9
25 10 2 236 211 23 1 10 4 529 509 10 5 10 5 367 314 11 13 10 6 954 911 9
26 10 2 513 496 14 3 10 4 449 416 14 6 10 5 286 239 13 14 10 6 226 242 20
27 10 2 432 399 17 4 10 4 220 206 19 7 10 5 482 485 10 15 10 6 312 289 15
28 10 2 500 444 15 5 10 4 299 310 13 8 10 5 412 440 10 16 10 6 1065 1040 10
29 10 2 197 192 29 6 10 4 685 625 23 10 10 5 169 170 21 17 10 6 636 613 11
30 10 2 409 400 18 7 10 4 618 580 28 12 10 5 567 603 10 18 10 6 444 443 13
0 10 3 780 796 8 8 10 4 341 320 15 14 10 5 322 279 15 19 10 6 264 210 19
1 10 3 1340 1209 15 9 10 4 887 856 9 15 10 5 440 388 12 20 10 6 868 306 10
2 10 3 730 730 8 10 10 4 640 602 10 16 10 5 349 293 13 21 10 6 338 321 16
3 10 3 309 215 12 11 10 4 436 386 11 17 10 5 296 285 16 24 10 6 502 462 14
4 10 3 321 320 12 12 10 4 653 660 13 18 10 5 297 264 15 25 10 6 347 246 18
5 10 3 254 192 14 13 10 4 806 817 9 21 10 5 275 313 18 0 10 7 745 63 2 9
6 10 3 379 366 10 14 10 4 1036 995 31 22 10 5 209 211 22 2 10 7 428 384 11
7 10 3 449 385 10 15 10 4 286 270 16 25 10 5 230 129 23 4 10 7 276 295 14
8 10 3 504 497 9 16 10 4 855 826 34 26 10 5 369 329 17 5 10 7 398 392 12
9 10 3 573 581 9 18 10 4 840 805 37 28 10 5 288 190 20 6 10 7 245 191 16
11 10 3 482 491 10 19 10 4 228 193 21 0 10 6 1590 1519 17 7 10 7 297 295 14
TABLE III.B-4, cont'd.: observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L F obs F c a l c S ig F H K L Fobs F c a l c SigF H K L Fobs F c a l c S ig F
S 10 7 263 296 15 19 10 a 922 926 11 a 10 10 655 621 11 6 10 12 345 297 17
9 10 7 272 237 15 20 10 3 391 327 17 9 10 10 376 383 15 7 10 12 258 261 22
10 10 7 522 539 11 21 10 8 361 322 17 10 10 10 516 500 12 8 10 12 104B 1023 11
11 10 7 416 397 12 22 10 8 306 281 20 11 10 10 651 642 12 9 10 12 844 852 11
12 10 7 414 389 12 23 10 a 627 607 14 12 10 10 364 402 15 10 10 12 399 407 16
13 10 7 391 372 13 24 10 a 415 395 17 13 10 10 330 396 18 11 10 12 343 362 18
14 10 7 231 215 19 27 10 8 376 326 17 14 10 10 590 575 12 12 10 12 673 683 13
IS 10 7 186 140 24 0 10 9 627 547 11 15 10 10 200 197 25 13 10 12 644 632 13
17 10 7 336 313 IS 1 10 9 367 260 13 18 10 10 827 801 12 14 10 12 299 302 22
18 10 7 205 199 24 2 10 9 481 470 11 19 10 10 308 284 20 15 10 12 318 303 20
20 10 7 352 343 16 4 10 9 237 249 19 22 10 10 352 347 19 16 10 12 362 361 19
21 10 7 196 139 24 5 10 9 487 477 11 24 10 10 356 344 19 17 10 12 267 305 26
25 10 7 219 252 26 6 10 9 380 356 13 0 10 11 226 251 21 20 10 12 326 282 20
0 10 8 983 863 10 9 10 9 188 189 23 1 10 11 453 476 13 1 10 13 214 240 26
1 10 a 1096 1022 11 10 10 9 174 201 25 2 10 11 363 284 14 2 10 13 377 318 16
2 10 a 837 834 9 11 10 9 265 257 18 3 10 11 255 250 19 3 10 13 328 332 18
3 10 a 1017 979 11 12 10 9 417 443 14 4 10 11 424 378 13 4 10 13 274 294 21
4 10 8 672 736 10 14 10 9 226 242 20 5 10 11 556 494 11 8 10 13 304 325 22
5 10 8 464 461 11 15 10 9 223 200 21 6 10 11 201 210 24 9 10 13 235 248 28
6 10 a 380 307 12 16 10 9 227 172 22 7 10 11 187 148 25 12 10 13 411 364 18
7 10 a 176 192 24 17 10 9 295 294 18 3 10 11 203 151 23 13 10 13 364 307 18
9 10 a 631 631 10 18 10 9 421 386 14 15 10 11 415 400 16 14 10 13 208 216 23
10 10 a 233 259 18 24 10 9 205 159 28 17 10 11 256 195 22 15 10 13 254 231 25
12 10 8 216 186 21 2 10 10 417 418 13 21 10 11 230 2 5 8 26 18 10 13 298 334 22
13 10 a 203 213 22 3 10 10 579 547 11 22 10 11 200 170 29 0 10 14 594 536 14
15 10 a 557 520 12 4 10 10 316 305 15 0 10 12 498 564 13 1 10 14 702 654 14
16 10 a 517 520 12 5 10 10 271 237 18 1 10 12 340 348 17 2 10 14 548 556 15
17 10 a 263 270 20 6 10 10 702 668 11 4 10 12 509 494 14 3 10 14 422 423 17
18 10 a 515 493 13 7 10 10 597 568 12 5 10 12 469 484 14 4 10 14 441 448 17
1
65
TABLE HI.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H
6 10 14 465 467 17 2 11 1 908 905 9 11 1
7 10 14 305 346 23 3 11 1 223 215 15 12 1
8 10 14 491 482 16 4 11 1 275 247 13 13 1
10 10 14 468 491 17 5 11 1 1147 1127 11 14 1
11 10 14 521 534 15 8 11 1 548 600 9 15 1
12 10 14 268 257 24 9 11 1 622 679 9 16 1
16 10 14 299 301 23 10 11 1 298 230 14 20 1
5 10 15 220 251 30 11 11 1 442 444 11 22 1
9 10 15 227 261 29 12 11 1 418 393 11 25 1
2 10 16 463 523 16 14 11 1 164 133 22 1 1
3 10 16 333 319 22 15 11 1 379 391 12 2 1
4 10 16 292 256 24 16 11 1 236 267 17 3 1
5 10 16 233 196 28 17 11 1 699 708 10 4 1
6 10 16 346 312 22 18 11 1 287 353 17 5 1
7 10 16 225 201 29 20 11 1 441 410 12 6 1
0 11 0 161 158 21 21 11 1 889 899 10 7 1
2 11 0 234 197 15 22 11 1 554 501 12 9 1
4 11 0 608 641 9 25 11 1 757 799 12 10 1
6 11 0 670 727 9 26 11 1 400 387 16 11 1
B 11 0 176 184 20 27 11 1 292 270 20 13 1
10 11 0 896 836 9 29 11 1 469 483 16 14 1
12 11 0 475 508 11 1 11 2 322 293 12 15 1
14 11 0 235 234 17 3 11 2 249 235 14 17 1
16 11 0 262 269 16 4 11 2 185 168 18 18 1
20 11 0 447 548 13 6 11 2 274 313 14 20 1
22 11 0 403 372 14 7 11 2 320 318 12 21 1
24 11 0 243 278 22 8 11 2 252 236 14 24 1
0 11 1 245 269 14 9 11 2 304 277 13 27 1
1 11 1 749 755 8 10 11 2 332 338 13 1 1
L Fobs  F c a l c  S ig F  H K L Fobs  F c a l c  S ig F
2 168 135 22 4 11 4 300 300 31
2 27 a 236 15 5 11 4 190 207 28
2 373 382 13 6 11 4 385 359 12
2 267 248 16 7 11 4 247 238 16
2 479 507 12 8 11 4 346 320 14
2 183 213 23 9 11 4 345 311 13
2 349 337 IS 12 11 4 182 180 25
2 187 212 25 13 11 4 389 397 13
2 458 456 15 14 11 4 257 262 18
3 182 216 21 15 11 4 257 338 18
3 552 567 9 16 11 4 330 337 15
3 755 780 8 18 11 4 245 219 19
3 769 793 8 22 11 4 263 225 22
3 780 757 3 23 11 4 235 258 24
3 272 257 14 24 11 4 192 193 29
3 1363 1313 13 26 11 4 264 269 23
3 932 869 9 1 11 5 242 210 15
3 258 250 16 2 11 5 694 652 9
3 1404 1431 14 3 11 5 289 267 14
3 865 857 9 4 11 5 456 453 11
3 458 436 11 5 11 5 844 730 8
3 795 786 9 6 11 5 382 379 12
3 463 434 12 7 11 5 322 401 13
3 412 404 13 a 11 5 813 784 9
3 272 274 18 9 11 5 701 698 10
3 322 304 ' 16 10 11 5 259 315 17
3 330 315 18 11 11 5 790 713 9
3 484 488 15 12 11 5 914 888 9
4 376 375 41 14 11 5 375 368 13
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TABLE I I I . B - 4 ,  c o n t ' d . :  O b s e r v e d  and  C a l c u l a t e d  S t r u c t u r e  F a c t o r s ,
V a l u e s  o f  10*Fobs  and  1 0 * F c a l c
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F H
15 11 5 374 418 13 1 11 7 773 733 9 6 1
16 11 5 579 599 11 2 11 7 791 759 9 7 1
17 11 5 405 352 13 3 11 7 585 550 10 8 1
19 11 5 315 296 16 4 11 7 342 343 14 9 1
20 11 5 231 253 21 5 11 7 621 622 10 10 1
21 11 5 656 694 12 6 11 7 531 564 11 11 1
22 11 5 507 464 13 7 11 7 376 386 13 12 1
25 11 5 344 292 18 8 11 7 436 381 12 15 1
26 11 5 347 319 18 9 11 7 258 218 17 19 1
0 11 6 193 235 20 10 11 7 315 328 15 20 1
1 11 6 391 403 12 12 11 7 205 238 23 22 1
2 11 6 444 429 12 13 11 7 223 203 20 0 1
3 11 6 465 521 11 14 11 7 370 400 15 1 1
4 11 6 585 570 10 16 11 7 299 259 17 2 1
5 11 6 391 426 12 17 11 7 667 706 12 3 1
6 11 6 229 184 17 18 11 7 615 620 12 5 1
7 11 6 407 400 12 19 11 7 303 278 19 6 1
8 11 6 570 551 10 20 11 7 527 464 14 7 1
9 11 6 214 227 19 21 11 7 999 935 11 8 1
12 11 6 226 233 19 22 11 7 348 363 19 9 1
13 11 6 256 258 18 23 11 7 267 268 22 10 1
14 11 6 335 300 15 24 11 7 470 438 16 11 1
15 11 6 381 353 13 25 11 7 582 550 15 12 1
16 11 6 262 283 17 26 11 7 272 250 21 13 1
17 11 6 189 217 23 1 11 8 358 340 14 14 1
20 11 6 386 382 15 2 11 8 351 298 14 15 1
24 11 6 239 241 24 3 11 8 266 262 17 16 1
26 11 6 213 181 26 4 11 8 462 471 12 17 1
0 11 7 787 727 10 5 11 8 368 426 14 18 1
L Fobs  F c a l c  S ig F  H K L Fobs  F c a l c  S igF
8 409 434 13 19 1 9 405 385 17
8 207 123 20 20 1 9 368 378 17
8 373 406 14 22 1 9 4 77 435 15
8 430 411 13 23 1 9 3 67 379 18
8 192 127 22 24 1 9 46 6 445 16
8 299 275 16 1 1 10 26 4 247 19
a 205 155 22 2 1 10 244 243 20
8 263 236 19 4 1 10 371 372 14
8 228 1 8 7 24 5 1 10 230 184 21
8 196 110 27 6 1 10 408 393 15
8 233 19 7 26 10 1 10 223 220 23
9 284 328 17 11 1 10 2 45 188 22
9 302 300 17 13 1 10 204 229 26
9 109 6 1 1 1 1 11 14 1 10 339 316 18
9 803 81 1 10 16 1 10 262 156 22
9 420 404 13 21 1 10 271 29 7 24
9 898 833 10 1 1 11 417 370 13
9 941 924 10 2 1 11 269 254 19
9 318 35 0 15 3 1 11 7 8 7 761 11
9 371 36 5 15 4 1 11 404 415 14
9 359 38 2 15 5 1 11 432 420 14
9 402 446 14 6 1 11 4 9 2 47 5 13
9 288 318 18 7 1 11 434 48 2 14
9 74 7 7 1 5 11 a 1 11 7 85 7 47 11
9 391 3 5 5 15 9 1 11 595 57B 12
9 426 426 I S 10 1 11 301 281 18
9 502 4 84 14 11 1 11 553 473 13
9 317 28 1 19 12 1 11 582 538 14
9 685 64 6 13 13 1 11 696 71 7 13
1
6
7
TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F H EC
14 11 11 325 347 20 3 11 15 622 619 16 14 12
16 11 11 307 297 21 5 11 15 417 443 19 16 12
i a 11 11 194 150 29 6 11 15 382 338 21 17 12
19 11 11 254 270 23 1 11 15 359 386 22 21 12
0 11 12 706 647 12 8 11 15 272 197 26 22 12
1 11 12 412 419 15 0 12 0 1680 1642 18 25 12
2 11 12 402 317 16 2 12 0 994 940 10 27 12
s 11 12 249 274 24 4 12 0 439 494 11 1 12
8 11 12 413 379 17 6 12 0 387 404 12 2 12
10 11 12 228 182 25 8 12 0 500 533 11 3 12
13 11 12 288 184 21 10 12 0 226 167 17 4 12
0 11 13 453 432 15 12 12 0 221 167 19 5 12
1 11 13 237 214 25 16 12 0 425 458 13 6 12
2 11 13 419 377 16 18 12 0 340 322 15 9 12
3 11 13 684 671 13 20 12 0 518 496 12 10 12
4 11 13 473 456 15 22 12 0 335 292 17 11 12
6 11 13 339 349 20 24 12 0 371 319 17 12 12
7 11 13 576 583 14 26 12 0 283 342 21 13 12
8 11 13 606 566 14 0 12 1 238 324 14 14 12
9 11 13 339 364 20 1 12 1 238 257 16 15 12
11 11 13 457 468 17 2 12 1 266 229 14 16 12
12 11 13 435 413 17 4 12 1 397 364 12 18 12
13 11 13 295 319 23 6 12 1 403 424 12 19 12
14 11 13 315 246 21 7 12 1 369 388 13 21 12
15 11 13 287 336 24 8 12 1 388 442 13 22 12
1 11 14 209 199 29 9 12 1 756 786 9 23 12
11 11 14 312 329 23 10 12 1 832 846 9 27 12
1 11 15 423 429 19 12 12 1 524 560 11 0 12
2 11 15 395 434 20 13 12 1 726 739 10 1 12
L Fobs F c a l c S igF H K L Fobs F c a l c S igF
1 323 352 15 2 12 3 260 309 17
1 365 381 13 3 12 3 545 607 10
1 580 604 11 5 12 3 560 631 10
1 231 190 22 7 12 3 337 323 12
1 246 314 22 9 12 3 ‘ 421 391 12
1 270 235 20 10 12 3 560 576 10
1 228 223 25 11 12 3 310 303 14
2 171 179 21 12 12 3 417 423 12
2 432 457 11 13 12 3 348 350 13
2 511 439 10 14 12 3 207 228 22
2 373 381 12 15 12 3 525 559 12
2 468 392 11 17 12 3 513 530 12
2 492 517 11 18 12 3 179 121 24
2 566 578 11 19 12 3 830 855 11
2 602 549 10 21 12 3 371 404 16
2 415 412 13 23 12 3 463 412 14
2 545 513 10 25 12 3 216 143 24
2 274 240 16 0 12 4 760 731 49
2 408 393 12 1 12 4 294 281 16
2 374 331 13 2 12 4 489 432 38
2 756 680 10 3 12 4 299 233 23
2 369 373 14 5 12 4 328 265 15
2 397 399 14 6 12 4 536 487 17
2 291 312 20 9 12 4 663 668 34
2 200 237 26 10 12 4 856 798 34
2 231 291 24 11 12 4 293 303 31
2 323 257 18 12 12 4 239 272 21
3 811 798 9 13 12 4 373 315 28
3 1116 1076 10 14 12 4 648 642 26
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F B K
15 12 4 246 187 19 2 12 6 263 180 17 13 12
16 12 4 672 694 28 3 12 6 326 301 14 14 12
17 12 4 324 345 23 4 12 6 490 527 11 IS 12
18 12 4 367 350 16 5 12 6 224 260 19 16 12
20 12 4 247 236 22 6 12 6 307 297 15 17 12
21 12 4 208 237 26 7 12 6 405 396 12 IS 12
0 12 5 655 668 10 8 12 6 189 173 21 19 12
1 12 5 355 368 14 9 12 6 413 400 13 20 12
2 12 5 393 392 12 12 12 6 257 263 18 21 12
3 12 5 598 579 10 13 12 6 382 432 13 0 12
4 12 5 634 567 10 14 12 6 227 181 20 1 12
6 12 5 179 184 21 16 12 6 655 717 11 2 12
7 12 5 133 151 22 17 12 6 351 355 15 3 12
8 12 5 219 226 19 18 12 6 326 312 16 4 12
9 12 5 218 255 19 20 12 6 352 340 16 5 12
10 12 5 200 165 20 21 12 6 299 281 20 6 12
13 12 5 575 550 11 22 12 6 309 282 19 7 12
14 12 5 445 454 13 23 12 6 234 265 24 11 12
15 12 5 396 359 14 24 12 6 292 291 21 13 12
16 12 5 387 402 15 25 12 6 229 179 24 15 12
17 12 5 320 312 10 0 12 7 274 262 18 16 12
18 12 5 630 645 12 1 12 7 290 331 17 18 12
19 12 5 208 239 26 4 12 7 307 313 16 19 12
20 12 5 404 391 16 5 12 7 303 335 16 20 12
22 12 5 386 375 17 7 12 7 305 291 16 21 12
23 12 5 222 175 25 8 12 7 365 399 15 22 12
24 12 5 361 326 17 9 12 7 684 668 10 23 12
0 12 6 1457 1408 14 10 12 7 495 474 12 1 12
1 12 6 312 281 15 12 12 7 313 340 18 2 12
L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
7 860 829 10 3 12 9 275 302 18
7 430 443 14 5 12 9 479 464 13
7 321 297 17 6 12 9 447 484 13
7 279 277 21 7 12 9 490 470 13
7 757 735 12 8 12 9 413 379 14
7 224 225 25 9 12 9 309 314 17
7 427 401 16 10 12 9 521 550 12
7 210 180 26 11 12 9 455 458 14
7 416 411 16 12 12 9 224 205 25
8 509 510 12 14 12 9 361 376 I S
8 383 424 13 15 12 9 348 388 18
8 512 480 12 16 12 9 272 230 21
8 988 910 10 19 12 9 253 242 24
8 468 396 12 21 12 9 406 405 17
8 749 700 10 1 12 10 436 354 14
8 400 391 13 2 12 10 197 123 25
a 360 345 14 6 12 10 342 389 16
a 308 306 17 7 12 10 433 434 14
3 217 268 23 8 12 10 442 466 14
8 435 425 15 9 12 10 287 295 19
8 439 371 15 10 12 10 349 362 17
8 261 247 22 11 12 10 377 377 17
8 490 477 15 12 12 10 225 207 25
8 384 395 17 13 12 10 275 241 21
8 241 252 24 14 12 10 513 479 15
8 262 327 24 17 12 10 212 247 28
a 454 447 16 18 12 10 321 372 22
9 536 511 12 19 12 10 254 277 27
9 405 361 14 0 12 11 505 494 13
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF B K L Fobs F c a l c S ig F
1 12 11 450 417 14 13 12 13 302 284 22 3 13 2 1125 1113 12 19 13 3 235 239 22
2 12 11 301 281 19 2 12 14 628 616 14 4 13 2 613 556 10 21 13 3 230 192 23
3 12 11 477 494 15 3 12 14 370 368 19 5 13 2 282 266 15 0 13 4 269 327 17
4 12 11 508 510 13 4 12 14 399 392 19 6 13 2 750 713 10 1 13 4 654 622 11
5 12 11 577 607 13 5 12 14 336 275 21 7 13 2 903 911 10 2 13 4 800 827 29
8 12 11 267 295 22 6 12 14 268 283 26 8 13 2 804 833 10 3 13 4 498 486 12
9 12 11 391 389 17 7 12 14 231 263 28 9 13 2 193 246 23 5 13 4 273 308 17
11 12 11 423 372 16 8 12 14 220 256 31 10 13 2 326 310 15 6 13 4 992 991 27
16 12 11 222 198 27 4 13 0 1001 1109 10 11 13 2 492 486 11 8 13 4 747 751 33
17 12 11 356 304 19 6 13 0 579 596 10 12 13 2 621 622 11 9 13 4 278 235 17
2 12 12 353 290 18 8 13 0 1430 1474 15 13 13 2 635 663 11 14 13 4 504 515 25
3 12 12 352 317 17 10 13 0 302 319 15 14 13 2 290 332 17 15 13 4 228 211 21
4 12 12 386 345 18 12 13 0 1697 1715 17 15 13 2 721 705 11 16 13 4 384 398 16
5 12 12 328 287 19 16 13 0 673 705 11 17 13 2 500 503 13 17 13 4 588 636 14
6 12 12 407 366 16 20 13 0 345 323 16 i a 13 2 463 449 13 18 13 4 448 470 15
7 12 12 548 488 14 22 13 0 271 290 21 19 13 2 283 276 21 19 13 4 444 435 15
8 12 12 597 614 14 24 13 0 365 385 17 20 13 2 431 475 15 20 13 4 641 605 30
9 12 12 506 473 15 0 13 1 236 233 17 21 13 2 343 330 19 21 13 4 577 480 22
10 12 12 207 172 28 2 13 1 196 241 21 22 13 2 589 574 13 22 13 4 711 710 13
12 12 12 439 421 17 3 13 1 397 416 12 23 13 2 333 318 19 24 13 4 486 474 38
13 12 12 508 534 15 7 13 1 403 427 12 24 13 2 526 480 14 0 13 5 699 718 10
14 12 12 299 244 22 9 13 1 391 423 13 25 13 2 387 365 17 1 13 5 333 302 15
0 12 13 248 270 25 10 13 1 212 230 20 1 13 3 210 272 19 2 13 5 202 132 21
1 12 13 313 310 21 12 13 1 218 224 19 3 13 3 420 388 12 4 13 5 233 268 18
3 12 13 233 227 25 13 13 1 223 192 20 5 13 3 576 537 10 6 13 5 382 361 13
S 12 13 470 48 2 17 14 13 1 342 327 14 6 13 3 160 107 24 8 13 5 219 205 21
6 12 13 335 339 21 19 13 1 310 353 18 9 13 3 261 239 16 10 13 5 264 226 18
9 12 13 334 292 20 24 13 1 224 194 25 13 13 3 337 279 14 12 13 5 221 258 21
12 12 13 304 257 22 2 13 2 475 472 11 15 13 3 1B0 126 25 16 13 5 282 287 20
1
7
0
TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
V a lu e s o f 10*Fobs  a n d 1 0 * F c a l c
H K L Fobs  F c a l c  S ig F H K L Fobs F c a l c  S igF H K L
18 13 5 205 193 27 15 13 7 229 202 24 4 13 10
22 13 5 232 194 26 16 13 7 249 233 23 5 13 10
0 13 6 241 241 19 19 13 7 306 271 19 6 13 10
1 13 6 324 315 16 0 13 8 259 238 17 7 13 10
2 13 6 295 347 17 3 13 8 363 365 15 8 13 10
3 13 6 608 624 11 4 13 8 980 906 10 9 13 10
4 13 6 798 842 10 5 13 8 459 443 13 10 13 10
5 13 6 560 542 11 6 13 a 258 230 18 13 13 10
6 13 6 241 182 18 7 13 a 553 522 12 14 13 10
7 13 6 392 396 13 8 13 8 444 473 14 15 13 10
8 13 6 1130 1129 13 9 13 8 511 507 13 16 13 10
9 13 6 570 570 11 10 13 8 544 477 13 1 13 11
10 13 6 357 362 14 11 13 8 566 569 13 6 13 11
11 13 6 273 264 19 12 13 8 462 474 14 7 13 11
12 13 6 901 899 10 13 13 8 235 241 24 a 13 11
13 13 6 632 651 11 14 13 8 325 336 18 n 13 11
IS 13 6 294 332 18 15 13 8 548 541 14 13 13 11
16 13 6 702 717 12 16 13 8 362 395 17 14 13 11
17 13 6 754 758 12 17 13 8 275 210 21 0 13 12
20 13 6 302 316 19 5 13 9 265 258 19 1 13 12
21 13 6 493 511 14 6 13 9 227 256 23 2 13 12
22 13 6 320 311 19 8 13 9 267 241 21 4 13 12
1 13 7 226 237 21 9 13 9 248 232 22 5 13 12
2 13 7 316 277 17 10 13 9 352 335 16 6 13 12
4 13 7 244 202 19 14 13 9 241 253 25 7 13 12
5 13 7 336 284 15 0 13 10 580 579 14 8 13 12
6 13 7 205 150 22 1 13 10 709 676 12 12 13 12
7 13 7 189 106 24 2 13 10 571 584 13 4 13 13
13 13 7 256 254 21 3 13 10 516 493 14 5 13 13
obs F c a l c S igF H K L Fobs F c a l c S ig F
423 407 15 0 14 0 1259 1155 11
337 372 19 2 14 0 191 230 22
310 331 20 4 14 0 584 692 11
289 283 21 8 14 0 389 389 14
221 205 24 10 14 0 201 172 22
213 186 26 12 14 0 237 314 19
514 465 14 16 14 0 438 498 14
207 194 29 20 14 0 440 493 15
335 309 19 0 14 1 572 577 11
228 234 27 1 14 1 316 310 15
297 340 22 2 14 1 169 204 24
340 281 18 3 14 1 406 389 12
217 182 27 4 14 1 300 306 15
310 290 20 5 14 1 277 289 16
254 297 24 6 14 1 515 566 12
205 228 29 7 14 1 875 920 10
394 413 18 8 14 1 434 474 13
298 293 22 9 14 1 841 867 10
690 664 14 10 14 1 600 641 11
407 421 17 11 14 1 414 429 13
336 303 19 13 14 1 843 886 10
504 556 15 14 14 1 457 441 14
378 343 18 15 14 1 209 273 26
276 233 23 17 14 1 499 479 14
346 338 20 IB 14 1 438 488 14
383 358 18 19 14 1 283 251 20
349 333 20 20 14 1 272 243 19
350 323 20 0 14 2 226 267 20
212 132 28 2 14 2 349 344 14
1
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F B K
3 14 2 233 241 19 18 14 3 265 224 20 15 14
5 14 2 495 469 12 19 14 3 752 734 12 16 14
6 14 2 284 306 16 21 14 3 192 179 29 17 14
7 14 2 3 a s 392 13 0 14 4 215 181 22 IB 14
3 14 2 183 178 22 1 14 4 283 238 17 19 14
9 14 2 213 221 21 2 14 4 343 362 15 20 14
11 14 2 336 343 16 4 14 4 254 212 19 21 14
12 14 2 280 288 16 5 14 4 337 336 15 0 14
13 14 2 352 343 15 6 14 4 306 315 22 2 14
14 14 2 286 255 18 7 14 4 370 370 14 3 14
15 14 2 426 395 14 9 14 4 371 367 40 4 14
i e 1-4 2 422 403 15 10 14 4 201 204 24 6 14
17 14 2 229 201 22 11 14 4 340 310 16 7 14
18 14 2 255 246 21 12 14 4 233 222 24 8 14
22 14 2 314 299 20 13 14 4 332 334 18 10 14
1 14 3 1505 1449 15 14 14 4 501 511 25 16 14
2 14 3 356 369 14 15 14 4 307 288 19 17 14
3 14 3 720 788 10 16 14 4 461 456 19 20 14
4 14 3 170 129 25 18 14 4 317 331 30 0 14
5 14 3 443 460 13 0 14 5' 763 748 10 1 14
6 14 3 473 426 12 1 14 5 562 555 12 2 14
7 14 3 514 495 12 2 14 5 280 225 17 4 14
8 14 3 187 175 25 3 14 5 580 602 12 5 14
9 14 3 339 350 15 4 14 5 795 777 11 6 14
10 14 3 611 617 12 6 14 5 194 181 24 7 14
11 14 3 211 167 23 8 14 5 510 485 12 8 14
14 14 3 356 388 17 12 14 5 389 417 17 9 14
15 14 3 516 549 13 13 14 5 474 464 15 10 14
17 14 3 521 509 13 14 14 5 239 241 23 11 14
L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
5 339 301 18 12 14 7 303 263 19
5 619 559 13 13 14 7 625 598 13
5 725 607 13 14 14 7 381 369 17
5 579 601 14 IS 14 7 344 334 19
5 354 341 19 16 14 7 455 491 16
5 670 596 13 17 14 7 382 374 18
5 240 188 24 19 14 7 344 352 18
6 934 883 10 0 14 8 206 182 25
6 329 260 15 2 14 8 285 267 19
6 379 358 IS 3 14 8 225 234 25
6 507 545 12 5 14 8 283 254 19
6 231 245 20 6 14 8 188 162 28
6 290 266 17 7 14 8 252 246 22
6 315 325 16 8 14 6 2 68 247 21
6 197 110 23 12 14 8 313 258 19
6 324 320 18 13 14 8 264 281 22
6 283 206 21 16 14 a 209 179 28
6 379 403 18 1 14 9 541 457 14
7 617 548 • 12 2 14 9 375 363 16
7 483 442 13 3 14 9 222 241 24
7 239 251 21 5 14 9 424 384 15
7 213 188 23 6 14 9 536 538 14
7 464 460 14 7 14 9 193 190 28
7 310 295 19 8 14 9 268 235 22
7 283 319 20 10 14 9 617 554 13
7 431 409 15 11 14 9 310 324 20
7 454 463 15 12 14 9 285 357 22
7 259 269 22 14 14 9 487 525 16
7 275 242 20 15 14 9 310 348 21
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TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
2 14 10 363 336 18 13 15 1 255 305 20 IS 15 3 302 349 20 3 15 6 233 206 24
3 14 10 208 171 27 14 15 1 201 133 26 18 15 3 193 157 2S 9 15 6 299 244 20
9 14 10 210 187 28 16 15 1 256 229 21 19 IS 3 197 146 28 10 15 6 337 310 IB
10 14 10 297 278 21 17 15 1 249 250 22 2 15 4 538 561 12 12 15 6 219 158 26
11 14 10 278 194 21 0 15 2 131 162 25 3 15 4 223 228 26 13 15 6 325 314 18
0 14 11 203 213 30 1 15 2 397 347 13 4 15 4 222 254 24 0 15 7 337 333 17
1 14 11 417 367 17 2 15 2 460 477 13 5 15 4 375 324 16 1 15 7 458 456 14
3 14 11 297 335 21 3 15 2 484 488 12 6 15 4 422 464 15 2 15 7 411 383 15
4 14 11 518 475 15 4 15 2 174 177 26 9 15 4 218 239 23 3 15 7 294 277 20
5 14 11 539 499 15 7 15 2 453 437 14 11 15 4 212 174 26 4 15 7 380 388 16
6 14 11 272 249 23 8 15 2 302 244 18 14 15 4 353 365 18 5 15 7 262 260 24
9 14 11 375 340 18 9 15 2 302 288 17 15 15 4 384 423 17 6 IS 7 282 289 21
0 14 12 258 231 26 11 15 2 345 400 17 17 15 4 454 462 15 8 15 7 238 242 23
4 IS 0 812 858 10 12 15 2 304 352 19 18 15 4 387 386 17 9 15 7 341 327 18
E 15 0 523 509 12 13 15 2 371 340 16 2 15 5 281 260 19 11 15 7 204 194 28
8 15 0 522 617 13 14 15 2 266 242 20 3 15 5 356 345 17 1 15 8 335 326 IS
12 15 0 751 790 12 15 15 2 502 505 14 4 15 5 445 409 15 6 15 8 251 232 24
14 15 0 513 538 13 18 15 2 229 223 24 5 15 5 624 630 13 7 15 8 369 363 17
18 15 0 209 259 26 0 15 3 216 238 22 8 15 5 684 636 12 a 15 8 246 193 25
0 15 1 235 231 19 1 15 3 182 151 26 9 15 5 647 605 13 9 15 8 359 358 18
1 15 1 731 791 10 2 15 3 425 415 14 10 15 5 308 327 19 n 15 a 421 392 17
2 15 1 606 640 11 3 15 3 427 441 13 11 IS 5 365 346 17 12 IS 8 309 299 20
5 15 1 722 783 11 4 15 3 250 295 20 12 IS 5 404 454 17 13 15 8 232 219 25
6 15 1 231 217 20 5 15 3 422 428 14 14 15 5 289 269 21 1 15 9 283 253 22
3 15 1 428 430 14 6 15 3 201 175 23 15 15 5 216 272 28 2 15 9 414 406 IE
9 15 1 399 374 15 7 15 3 719 766 12 16 15 5 478 480 15 3 15 9 375 424 17
10 15 1 269 266 18 9 15 3 582 578 13 3 15 6 418 395 15 5 15 9 212 279 26
11 15 1 224 177 23 11 15 3 9 00 834 11 5 15 6 324 338 18 6 15 9 222 286 27
12 15 1 328 352 IB 13 15 3 581 528 13 6 15 6 251 248 22 7 15 9 548 519 15
TABLE III.B-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
K K L Fobs F c a l c S i gF H K L Fobs F c a l c S i g F H K L Fobs F c a l c S ig F
11 15 9 340 348 20 15 16 2 391 341 18 2 16 7 273 202 22
2 15 10 258 265 25 1 16 3 214 181 25 4 16 7 434 432 16
3 15 10 348 311 19 2 16 3 182 148 26 5 16 7 227 189 26
7 15 10 204 225 29 3 16 3 229 233 24 6 16 7 219 170 25
0 16 0 984 1035 11 5 16 3 227 272 25 0 16 3 509 519 16
2 16 0 355 398 17 7 16 3 315 289 18 1 16 3 418 454 18
4 16 0 962 1029 11 0 16 4 512 536 14 2 16 a 373 393 19
6 16 0 222 198 23 1 16 4 262 230 21 3 16 8 530 552 15
e 16 0 363 375 16 3 16 4 213 203 26 4 16 8 470 497 16
12 16 0 535 506 14 5 16 4 427 433 15 5 16 8 484 430 16
14 16 0 426 439 16 6 16 4 388 373 44 2 17 0 258 250 22
16 16 0 509 582 15 8 16 4 295 336 20 4 17 0 451 491 14
0 16 1 318 319 17 9 16 4 325 330 19 6 17 0 242 330 22
2 16 1 263 254 20 10 16 4 394 393 16 8 17 0 450 533 15
3 16 1 181 188 26 11 16 4 205 208 26 1 17 1 447 450 15
4 16 1 258 267 20 12 16 4 232 203 26 5 17 1 304 325 20
6 16 1 212 201 23 13 16 4 203 152 28 3 17 1 320 324 20
7 16 1 326 346 17 14 16 4 529 513 15 9 17 1 234 242 24
8 16 1 216 237 22 1 16 5 208 204 27 4 17 2 301 312 19
0 16 2 642 635 13 6 16 5 366 302 17 5 17 2 255 254 21
1 16 2 360 399 17 7 16 5 204 237 28 8 17 2 242 243 24
4 16 2 476 491 14 12 16 5 330 329 20 2 17 3 338 327 18
S 16 2 496 502 14 0 16 6 1126 1138 11 3 17 3 291 259 20
6 16 2 330 350 18 1 16 6 261 307 24 5 17 3 568 583 14
7 16 2 190 195 26 3 16 6 286 314 22 6 17 3 301 232 20
10 16 2 563 560 13 4 16 6 755 763 12 7 17 3 417 477 17
11 16 2 292 278 20 5 16 6 579 559 14 9 17 3 323 303 19
12 16 2 473 478 15 8 16 6 304 221 19 1 17 4 280 265 19
14 16 2 196 226 29 9 16 6 389 379 18 2 17 4 294 353 20
Fobs Fcalc SigF
3 17 4 314 316 20
5 17 4 353 322 18
6 17 4 239 207 24
1 17 5 298 314 22
3 17 5 196 150 29
4 17 5 287 238 22
5 17 5 451 462 16
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DISCUSSION
The Cations
Each of the two independent [{en) 2 C o*(NH2 ,02)
3 +•CoCen)^] cations (figures III.B-4 and III.B-5) has a 
typical peroxo- bridge. Bond lengths and angles, given in 
tables III.B-5 through III.B-7, include the 0l-01a 
distances: 1.482(9) A, molecule A, and 1.457(9) A,
molecule B. These are comparable to the 0-0 distance of
O  *1
1.49 A in hydrogen peroxide and 1.460(13) A in 
[(e n )2 C 0 ■(O 2 fOH)•C o (e n )2 1 ^ ^  Further, cation A exhibits 
a Co-O-O-Co torsion angle of -64.43(50)°, while the same 
torsion angle in cation B is 62.77(51)°. No significant 
change of the central ring geometry has occurred due to 
cooling, as shown in table III.B-8. Except for the 
considerable puckering of the peroxo- bridge, the cobalts 
in each cation and their equatorially bound atoms are 
approximately planar, with all deviations less than 0.2 A 
from the least squares planes.
In the room temperature determination, two of the 
four ethylenediamine chelate rings [(N2a-C2a-C5a-N5a) and 
(N3-C3-C4-N4)] exhibited positional disorder,^ indicated 
by large apparent thermal motion perpendicular to the C-C 
bond axis, a nearly planar ring with N-C-C-N torsion angle 
near zero, and abnormally short C-C bond distance. In the
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present low temperature determination, much of the 
disorder has been resolved; only the (N2aA-C2aA- 
C5aA-N5aA) ring in molecule A has somewhat distorted 
apparent thermal motion (figure III.B-1). The 
N2aA-C2aA-C5aA-N5aA torsion angle of -41.28° is only 
slightly less than the more usual +/- 50°, indicating that 
one conformation of the ring dominates at low temperature. 
Average ethylenediamine ring bond lengths and angles 
compare favorably with those in similar structures (table 
III.B-9).
3 8Puckering or folding of the ethylenediamine rings
is assessed by two parameters: a, the angle between the
N-Co-N plane and the C-Co-C plane; and 0, the N-C-C-N
torsion angle. Table III.B-10 gives these values for
33 40 41cations A and B. In several similar structures, ' '
all four 0 torsion angles for a given cation have the
same sign. However, upon cooling the present compound,
disorder in one ethylenediamine ring of each cation (A and
B) has resolved in a manner contrary to expectation.
Thus, in cation A, three 0 angles are negative and one
positive, whereas in cation B, three are positive and one
negative. The odd-signed ring in each case was reported
3 4as disordered at room temperature. An isomer reported in 
the amido- superoxo- bridged structure^ exhibits similar 
ethylenediamine ring conformations, with one odd-signed 
ring.
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3 5 \  i
Full conformational descriptions are  ^ A A  ^ for 
cation A and A ^  for cation B; thus, the two crystal-
lographically independent cations are near-enantiomers of 
one another.
The Anions
As was reported in the room temperature structural
determination,34 thiocyanate anions numbered 6 and 7 (A
39and B) exhibit typical bond geometry. The previous 
investigator, T h e walt,^ noticed positional disorder in 
the SCN~ group 8, which he modelled as 65% S-C=N, 35%
N hC-S. At low temperature, the thiocyanate anion 8B has 
ordered completely, with no measurable residual electron 
density in its region. The position of the 8B group is 
near that reported for the positional placement of 65% 
occupancy at room temperature. In contrast, SCN” group 8A 
shows remaining positional disorder (figure III.B-3); its 
position is roughly equivalent to the room temperature 
placement of 35% occupancy. Thus, the two SCN- groups 8A 
and 8B, which were related by symmetry and disordered at 
room temperature, are (completely or mostly) ordered in 
opposite directions upon cooling, which gives confirmation 
to the previous end-upon-end disordered room temperature 
model, even though the disordered atom positions were not 
then refined.
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The Overall Structure
Cell dimensions of the crystal have contracted an 
average of 0.05 A upon cooling from room temperature to 
115 K. The loss of b glide symmetry caused by an ordering 
phase transition has lowered the space group from Pbca at 
room temperature to F21ca at low temperature. A view of 
the structure along the b axis is shown in figure III.B-6.
Close contacts between non-hydrogen atoms of the 
cation and surrounding group atoms, indicating possible 
hydrogen bonding, do not differ significantly from the 
values listed in the previous determination.
C4A
N5a
N4A
C3A
N3aH3A
C3a
N4aK5A
C4aA,
3+
FIGURE III.B-4: /u-Amido-^-Pecoxo-Bis-[Bis-(Ethylenediamine) Cobalt(III)]JT,
Independent Cation A 1
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FIGURE III.B-5: //-Amido-p-Peroxo-Bis-[Bis
Independent Cation B
(Ethylenediamine) Cobalt{IH) ]^+ ,
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TABLE lii.B-5: Bond Distances in Angstroms
[ (en)2Co*//(NH2 ,02 ) *Co(en)2 ] (SCN)3 *H20
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
Molecule A:
ColA OlA 1.859(7) OlA OlaA 1.482(9)
Col A N1A 1.979(7) N2A C2A 1.46(1)
ColA N2A 2.019(9) N2aA C2aA 1.47(2)
ColA N3A 2.004(9) N3A C3A 1.49(1)
ColA N4A 1.943(9) N3aA C3aA 1.47(1)
ColA N5A 1.982(8) N4A C4A 1.47(1)
ColaA OlaA 1.837(6) N4aA C4aA 1.49(1)
ColaA NlA 1.971(8) N5A C5A 1.47(1)
ColaA N2aA 1.994(8) N5aA C5aA 1.48(1)
ColaA N3aA 1.964(8) N6A C6A 1.14(1)
ColaA N4aA 1.963(8) N7A C7A 1.16(1)
ColaA N5aA 1.948(8) N8A C8A 1.15(1)
S6A C6A 1.68 (1) C2A C5A 1.55(2)
S7A C7A 1.650(9) C2aA C5aA 1.44(2)
S8A C8A 1.65 (1) C3A C4A 1.51(1)
C3aA C4aA 1.50(1)
Molecule B:
ColB OlB 1.885(7) OlB OlaB 1.457(9)
ColB NIB 1.926(8) N2B C2B 1.48(1)
ColB N2B 1.975(9) N2aB C2aB 1.51(1)
ColB N3B 2.006(8) N3B C3B 1.52(2)
ColB N4B 1.942(9) N3aB C3aB 1.50(1)
ColB N5B 1.967(8) N4B C4B 1.47(2)
ColaB OlaB 1.890(6) N4aB C4aB 1.48(1)
ColaB NIB 1.953(8) N5B C5B 1.47(1)
ColaB N2aB 1.986(9) N5aB C5aB 1.50(1)
ColaB N3aB 2.015(8) N6B C6B 1.16(1)
ColaB N4aB 1.959(8) N7B C7B 1.19(1)
ColaB N5aB 1.980(8) N8B C8B 1.14(1)
S6B C6B 1.629(9) C2B C5B 1.51(2)
S7B C7B 1.609(9) C2aB C5aB 1.49(2)
S8B C8B 1.617(9) C3B C4B 1.45(2)
C3aB C4aB 1.50(1)
Numbers in parentheses are estimated standard 
deviations in the least significant digits.
TABLE III.B-6: Bond Angles in Degrees
[ (en)2Co-//(NH2 ,02 J-Co(en)2 ] (SCN)3 *H20
Atom
1
Atom
2
Atom
3
Angle Atom
1
Atom
2
Atom
3
Angle
Molecule A:
OlA ColA NlA 88.8 3 OlaA ColaA NlA 88.9 3)
OlA ColA N2A 174.8 3 OlaA ColaA N2aA 176.6 3
OlA ColA N3A 89.6 3 OlaA ColaA N3aA 86.8 3)
OlA ColA N4A 89.B 3 OlaA ColaA N4aA 91.9 3)
OlA ColA NBA 90.3 3 OlaA ColaA NBaA 91.9 3)
N1A ColA N2A 91.6 3 NlA ColaA N2aA 90.S 3
NlA ColA N3A 17B.7 3 NlA ColaA N3aA 173.1 3)
N1A ColA N4A 89.7 3 NlA ColaA N4aA 89.6 3 I
NlA ColA NBA 92.B 3 NlA ColaA NBaA 92.9 3)
N2A ColA N3A 90.4 3 N2aA ColaA N3aA 94.2 3 i
N2A ColA N4A 9S.7 4 N2aA ColaA N4aA 91.4 3 i
N2A ColA NBA 84.4 3 N2aA ColaA NBaA 84.9 3 i
N3A ColA N4A 86.3 3 N3aA ColaA N4aA 8B.2 3
N3A ColA NBA 91.B 3 N3aA ColaA NBaA 92.6 3 i
N4A ColA NBA 177.8 3 N4aA ColaA NBaA 17B.S 3 ■
ColA OlA OlaA 109.6 4 ColaA OlaA OlA 109.1 5
ColA N2A C2A 109.7 7 ColaA N2aA C2aA 108.B '7ColA N3A C3A 108.0 6 ColaA N3aA C3aA 109.7 .6
ColA N4A C4A 108.7 6 ColaA N4aA C4aA 108.4 6
ColA NBA CBA 110.7 6 ColaA NBaA CBaA lll.S ' 7 1
N2A C2A CBA 106.8 8 i N2aA C2aA CBaA 111 3-N3A C3A C4A 106.9 8 i N3aA C3aA C4aA 106.7 uN4A C4A C3A 108.5 9 N4aA C4aA C3aA 106.3 ■ 7
N5A C5A C2A 107.6 8 NSaA CBaA C2aA 110 I'ColA NlA ColaA 112.4 4 S6A C6A N6A 178 i ;
S7A C7A N7A 171.3 9 S8A C8A N8A 177.B 9
I
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TABLE lll.B-6, cont'd: Bond Angles in Degrees
Atom Atom Atom Angle Atom Atom Atom Angle
1 2 3  1 2 3
Molecule B: 
OlB ColB NIB 88.01 3] OlaB ColaB NIB 88.21 3
OlB ColB N2B 176.0 3 OlaB ColaB N2aB 175.5 3
OlB ColB N3B 85.4' 3 OlaB ColaB N3aB 86.3< 3
OlB ColB N4B 89.3 3 OlaB ColaB N4aB 92.21 3
OlB ColB N5b 90.2 4 OlaB ColaB N5aB 91.31 3
NIB ColB N2B 94.7 3 NIB ColaB N2aB 93.7 3
NIB ColB N3B 170.8 4 NIB ColaB N3aB 173.1 3
NIB ColB N4B 88.81 4 NlB ColaB N4aB 90.4 3
NIB ColB N5B 92.71 3 NIB ColaB N5aB 93.1 3
N2B ColB N3B 92.2 3 N2aB ColaB N3aB 92.1 3
N2B ColB N4B 93.7 3 N2aB ColaB N4aB 91.8 4
N2B ColB N5B 86.8 3 N2aB ColaB N5aB 84.5 3
N3B ColB N4B 84.7 4 N3aB ColaB N4aB 85.8 3
N3B ColB N5B 93.8 3 N3aB ColaB NSaB 91.1 3
N4B ColB N5B 178.4 4 i N4aB ColaB N5aB 175.1 3
ColB OlB OlaB 110.9 u i ColaB OlaB OlB 107.6 '4 ;
ColB N2B C2B 108.2 6 ColaB N2aB C2aB 110.2 7
ColB N3B C3B 105.8 6 ColaB N3aB C3aB 107.0 6
ColB N4B C4B 112.8 7 ColaB N4aB C4aB 109.7 6
ColB N5B C5B 108.4 6 ColaB N5aB C5aB 109.1 7
N2B C2B C5B 107.8 8 > N2aB C2aB C5aB 106.1 8
N3B C3B C4B 110. 1 i N3aB C3aB C4aB 107.3 8
N4B C4B C3B 106. 1 N4aB C4aB C3aB 107.7 7
N5B C5B C2B 108.6 9 i N5aB C5aB C2aB 107.6 9,
ColB NIB ColaB 115.2 4 S6B C6B N6B 177.8 9
S7B C7B N7B 176.4 8 < S8B C8B N8B 176.7 9
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
TABLE lll.B-7: Torsion Angles in Degree
t (en^Co-juiNI^/C^) *Co{en
Atom
1
Atom
2
Atom
3
Atom
4
Angle
NlA ColA OlA OlaA 42.20 0.49)
N2A ColA OlA OlaA 136.18 2.96
N3A ColA OlA OlaA -133.83 0.49
N4A ColA OlA OlaA -47.B4 0.49
NBA ColA OlA OlaA 134.70 0.48
OlA ColA NlA ColaA -10.33 0.40
N2A ColA NlA ColaA 174.90 0.42
N3A ColA NlA ColaA B7.91 4.40
N4A ColA NlA ColaA 79.21 0.43
NBA ColA NlA ColaA -100.61 0.41
OlA ColA N2A C2A -18.06 3.37
NlA ColA N2A C2A IS.19 0.62
N3A ColA N2A C2A -108.01 0.62
N4A ColA N2A C2A 16B.68 0.61
NBA ColA N2A C2A -16.B7 0.61
OlA ColA N3A C3A 101.SI 0.60
NlA ColA N3A C3A 33.30 4.B4
N2A ColA N3A C3A -83.73 0.61
N4A ColA N3A C3A 11.96 0.61
NBA ColA N3A C3A -168.17 0.60
OlA ColA N4A C4A -73.71 0.66
NlA ColA N4A C4A -162.49 0.68
N2A ColA N4A C4A 10B.9S 0.66
N3A ColA N4A C4A IB.96 0.66
NSA ColA N4A C4A 12.86 9.47
OlA ColA NBA CBA 167.89 0.64
NlA ColA NBA CBA -103.32 0.66
N2A ColA NBA CBA -11.97 0.64
N3A ColA NSA CSA 78.24 0.66
N4A ColA NSA CSA 81.33 9.19
NlA ColaA OlaA OlA 4B.82 0.48
N2aA ColaA OlaA OlA 124.91 B . 36
N3aA ColaA OlaA OlA -128.84 0.49
N4aA ColaA OlaA OlA -43.74 0.49
NBaA ColaA OlaA OlA 138.6S 0.49
OlaA ColaA NlA ColA -IB.94 0.39
(s c n )3 *h 2o
Atom
1
Atom
2
Atom
3
Atom
4
Angle
NIB ColB OlB OlaB -42.29 0.51
N2B ColB OlB OlaB -17S.19 4.47
N3B ColB OlB OlaB 131.29 0.52
N4B ColB OlB OlaB 46.B7 0.52
NBB ColB OlB OlaB -134.94 0.51
OlB ColB NIB ColaB 9.37 0.42
N2B ColB NIB ColaB -173.60 0.44
N3B ColB NIB ColaB -3B.01 2.35
N4B ColB NIB ColaB -79.9B 0.46
n s b ColB NIB ColaB 99.4B 0.45
OlB ColB N2B C2B S4.23 4.87
NIB ColB N2B C2B -78.49 0.62
N3B ColB N2B C2B 107.B6 0.62
N4B ColB N2B C2B -167.63 0.62
NBB ColB N2B C2B 13.90 0.61
OlB ColB N3B C3B -73.75 0.67
NIB ColB N3B C3B -29.23 2.42
N2B ColB N3B C3B 109.49 0.68
N4B ColB N3B C3B 15. 95 0.67
NSB ColB N3B C3B -163.62 0.67
OlB ColB N4B C4B 95.84 0.75
NIB ColB N4B C4B -176.10 0.77
N2B ColB N4B C4B -81.46 0.77
N3B ColB N4B C4B 10.39 0.76
NBB ColB N4B C4B 25.75 13.01
OlB ColB NBB CBB -164.12 0.67
NIB ColB NSB CBB 107.83 0.69
N2B ColB NSB CBB 13.27 0.68
N3B ColB NSB CBB -78.71 0.69
N4B ColB NBB CSB -94.04 12.68
NIB ColaB OlaB OlB -44.57 0.49
N2aB Co 1 aB OlaB OlB -159.60 4.02
N3aB ColaB OlaB OlB 131.41 0.49
N4aB ColaB OlaB OlB 45.76 0.50
NSaB ColaB OlaB OlB -137.60 0.50
OlaB ColaB NIB ColB 15.94 0.42
TABLE III.B-7, cont'd: Torsion Angles in Degrees
Atom
1
Atom
2
Atom
3
Atom
4
Angle Atom
1
Atom
2
Atom
3
Atom
4
Angle
N2aA ColaA NlA ColA 167.36 0.41] N2aB ColaB NIB ColB -168.14 0.441
N3aA ColaA NlA ColA 34.77 2.98 N3aB ColaB NIB ColB -19.92 3.08
N4aA ColaA NlA ColA 75.98 0.41 N4aB ColaB NIB ColB -76.28 0.45
N5aA ColaA NlA ColA -107.77 0.41 N5aB ColaB NlB ColB 107.16 0.45
OlaA ColaA N2aA C2aA -2.87 5.82 01 aB ColaB N2aB C2aB 10.12 4.56
NlA ColaA N2aA C2aA 76.17 0.73 NIB ColaB N2aB C2aB -104.72 0.70
N3aA ColaA N2aA C2aA -108.91 0.73 N3aB ColaB N2aB C2aB 78.89 0.70
N4aA ColaA N2aA C2aA 165.78 0.73 N4aB ColaB N2aB C2aB 164.76 0.70
N5aA ColaA N2aA C2aA -16.66 0.73 N5aB ColaB N2aB C2aB -11.98 0.70
OlaA ColaA N3aA C3aA 79.49 0.59 OlaB ColaB N3aB C3aB -77.81 0.58
NlA ColaA N3aA C3aA 28.69 3.05 NIB ColaB N3aB C3aB -41.88 3.05
N2aA ColaA N3aA C3aA -103.74 0.60 N2aB ColaB N3aB C3aB 106.39 0.60
N4aA ColaA N3aA C3aA -12.70 0.59 N4aB ColaB N3aB C3aB 14.71 0.59
N5aA ColaA N3aA C3aA 171.23 0.59 N5aB ColaB N3aB C3aB -169.05 0.59
OlaA ColaA N4aA C4aA -103.38 0.60 OlaB ColaB N4aB C4aB 99.75 0.64
NlA ColaA N4aA C4aA 167.76 0.60 NIB ColaB N4aB C4aB -172.06 0.65
N2aA ColaA N4aA C4aA 77.28 0.61 N2aB ColaB N4aB C4aB -78.33 0.66
N3aA ColaA N4aA C4aA -16.79 0.60 N3aB ColaB N4aB C4aB 13.67 0.64
N5aA ColaA N4aA C4aA 44.34 4.64 N5aB ColaB N4aB C4aB -36.78 4.56
OlaA ColaA N5aA C5aA 175.61 0.75 OlaB ColaB N5aB C5aB 165.41 0.67
NlA ColaA N5aA C5aA -95.42 0.76 NIB ColaB N5aB C5aB 77.17 0.69
N2aA ColaA N5aA C5aA -5.19 0.75 N2aB ColaB N5aB C5aB -16.28 0.68
N3aA ColaA N5aA C5aA 88.77 0.76 N3aB ColaB N5aB C5aB -108.31 0.68
N4aA ColaA N5aA C5aA 27.90 4.75 N4aB ColaB N5aB C5aB -58.03 4.50
ColA OlA OlaA ColaA -64.43 0.50 ColB OlB OlaB ColaB 62.77 0.51
ColA N2A C2A C5A 39.58 0.89 ColB N2B C2B C5B -37.57 0.91
ColaA N2aA C2aA C5aA 36,17 1.14 ColaB N2aB C2aB C5aB 37.57 1.04
ColA N3A C3A C4A -36.48 0.85 ColB N3B C3B C4B -40.82 1.08
ColaA N3aA C3aA C4aA 38.98 0.81 ColaB N3aB C3aB C4aB -39.59 0.80
ColA N4A C4A C3A -40.84 0.91 ColB N4B C4B C3B -35.51 1.14
ColaA N4aA C4aA C3aA 42.03 0.81 ColaB N4aB C4aB C3aB -39.43 0.91
ColA NBA C5A C2A 36.22 0.94 ColB N5B C5B C2B -37.45 0.96
ColaA N5aA C5aA C2aA 26.71 1.24 ColaB N5aB C5aB C2aB 41.82 1.00
N2A C2A C5A N5A -49.59 1.06 N2B C2B C5B N5B 49.79 1.08
N2aA C2aA C5aA N5aA -41.28 1.38 N2aB C2aB C5aB N5aB -51.10 1.14
N3A C3A C4A N4A 51.04 0.99 N3B C3B C4B N4B 49.51 1.24
N3aA C3aA C4aA N4aA -52.74 0.91 N3aB C3aB C4aB N4aB 52.10 0.97
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TABLE III.B-8: Comparison of Central Rings,
Low Temperature vs. Room Temperature 
[ (e n ) 2Co ■ fj (NH2 , O H ) • Co (e n ) 2 ] ( SCN) 4 * H20
IA IB II
Lengths:
01— Ola 
Col— 01 
Cola— 01 
Col— Nl 
Cola— Nl
1.482(9) 
1.859(7) 
1.837(6) 
1.979(7) 
1.971(8)
1.457(9)
1.885(7)
1.890(6)
1.926(8)
1.953(8)
1.458
1.873
1.870
1.928
1.961
Angles:
Col— 01— Ola 
Cola— Ola— 01 
Col— Nl— Cola 
01— Col— Nl 
Ola— Cola— Nl
109.6(4)
109.1(5)
112.4(4)
88.8(3)
88.9(3)
110.9(4) 
107.6(4) 
115.2(4) 
88.0(3) 
88.2(3)
110.3
109.0
114.8
88.6
87.6
IA cation A, 115 K 
IB cation B, 115 K 
II cation, 300 K
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TABLE III.B-9: Comparison of Ethylenediamine Rings
with Related Structures 
t(e n )2C o •n (NH2 ,02 )•C o (e n )2 ](SCN)3 ■H20
I II III
Lengths:
Co-N 1.974(8) 1.969(6) 1.962(27)
N-C 1.49(1) 1.484(9) 1.482(31)
C-C 1.50(2) 1.510(11) 1.495(33)
Angles:
Co-N-C 110.6(6) 109.75(45) 109.6(18}
N-C-C 107.6(9) 106.25(60) 107.9(22)
N-Co-N 85.35(33) 84 .45(23} 85.3(12)
I present compound
II [ (en)2Co*ju(NH2 ,OH) •Co(en)2 ] (SCN),*H20
III average, Cambridge Crystal Data Files
entries with R < 0.06
TABLE III.B-10: Puckering of the Ethylenediamine Chelate Rings
[ (en)2Co-/t/(NH2 ,02 ) - Co(en)2 ] (SCN)3 -H20
Plane Atom Deviation, A a P
Molecule A:
N2, Col, N5 C2 0.397(11) 25.78(99) -49.59(1.06)
C5 -0.278(11)
N 3 , Col, N4 C3 -0.289(10) 27.03(76) 51.04(99)
C4 0.399(11)
N2a, Cola, N5a C2a -0.402(14) 21.73(1.51) -41.28(1.38)
C5a 0.126(14)
N3a, Cola, N4a C3a -0.305(9) 28.40(55) -52.74(91)
C4a 0.411(10)
Average: +/-0.326(12) 25.74(95) +/-48.66(1.08)
Molecule B:
N2, Col, N5 C2 -0.332(10) 26.11(1.03) 49.79(1.08)
C5 0.333(12)
N3, Col, N4 C3 -0.406(13) 26.89(81) 49.51(1.24)
C4 0.254(14)
N2a, Cola, N5a C2a -0.298(12) 27.91(1.03) -51.10(1.14)
C5a 0.396(12)
N3a, Cola, N4a C3a -0.364(10) 27.44(66) 52.10(97)
C4a 0.330(10)
Average: +/-0.339(12) 27.09(88) +7-50.10(1.07)
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/i-Amido-/;-Peroxo-Bis-[Bis~(Ethylenedi amine) Cobalt(III)] (SCN) 
Unit Cell, Reversed Stereo View
FIGURE III.B-6
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CHAPTER IV 
The Crystal Structure of 
2-(3,3-Dimethyl-l-Triazeno)-l,3-Thiazole
190
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INTRODUCTION
Recently, a method has been developed to allow study 
of the nature of binding between well-defined molecular 
probes and macromolecular receptors. This approach to the 
study of dynamic macromolecule-ligand interactions is 
referred to as quantitative structure-activity relation­
ships (QSAR). Quantitative information about the active 
site of a receptor, such as steric, electronic, and 
hydrophobic requirements for ligand interaction may be 
obtained by probing the macromolecule with a set of 
related molecules.^
The advent of high-performance computer graphics has 
allowed the combination of QSAR with xray crystallography 
in order to produce detailed molecular models for probe- 
receptor interactions. This synergistic approach utilizes 
the very precise molecular parameters obtained via 
crystallography to generate an interactive, color, 
three-dimensional computer illustration of the van der 
Waals surface of an active site. A precise ligand model 
is then produced, and the combination of ligand and active 
site is examined visually for fit as defined by van der 
Waals contacts.
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Dr. Corwin Hansch of Pomona College has had a major
role in development of the method of QSAR, and is now
employing it in an attempt to understand mutagenicity of
heterocyclic triazenes, particularly as they occur in food
or tobacco smoke. This investigation is especially
important in terms of the close relationship between
44mutagenicity and carcinogenicity. In order to develop 
precise molecular graphics models for these triazenes, the 
accurate determination of atomic parameters via xray 
crystallography is necessary. Therefore, the crystal 
structure of 2-(3,3-dimethyl-l-triazeno)-l,3-thiazole has 
been completed, and is reported herein. Comparison of 
this compound is made with similar thiazole and triazene 
structures, including others under study by Dr. Hansch.
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EXPERIMENTAL
Yellow-green, needle-shaped crystals were provided by 
Dr. Corwin Hansch. A specimen was affixed in random 
orientation onto the tip of a glass fiber with epoxy, and 
placed onto the goniometer head of an Enraf-Nonius CAD4 
automated diffractometer equipped with Cu Ka radiation 
source and a graphite monochromator.
1 6Program SEARCH was utilized to find an initial set
of twenty-three reflections. An approximate unit cell was
1 6
determined by program INDEX, which assigned index values 
to the reflections. The unit cell thus determined was 
triclinic, but the values of scalars in the Niggli 
matrix^** indicated that a more appropriate cell choice 
would be monoclinic C-centered. Consequently, the 
original cell was transformed to the C-centered cell, and 
indices were adjusted accordingly. Collection of high- 
angle data (0 between 25° and 30°), followed by careful 
centering of the twenty-five strongest reflections and 
least squares analysis, produced more precise cell 
constants. These parameters are included in the crystal 
data, table i v - l .
A sphere of data was then collected from 9 of 2° 
to 20°, in order to determine whether the crystal was 
actually C-centered. Examination of this data via program
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LOOK^® revealed only one violation of systematic absences, 
which was attributed to beamstop interference. Full data 
collection was performed on one-quarter of the reflection 
sphere, with 0<h<14, 0<k<14, and -14<1<14. Intensity 
data, with only even values of indices (h + k) measured, 
were collected at 299 K for a 6 range of 2° to 75°.
Periodic remeasurement of reflections (3 5 2) and (6 2 -4) 
was performed to maintain orientation of the crystal. 
Intensities of standard reflections (2 0 0), (0 6 0), and 
(0 0 2) were monitored periodically for detection and 
correction of crystal decay. These standards decreased in 
intensity an average of 68.8% during data collection, due 
to deterioration of the crystal. Consequently, the entire 
intensity data set was considered suspect, and recollec­
tion of data from a second, protected crystal was deemed 
necessary.
The second sample, of approximate dimensions 0.30.x 
0.10 x 0.08 mm, was mounted with epoxy upon a glass fiber, 
after which the crystal and fiber tip were encased in 
epoxy in an attempt to prevent crystal decomposition. An 
identical measurement procedure as that used with the 
first crystal was employed with the second. Orientation 
control standards were the (-2 -6 -2) and (4 -2 -6) 
reflections. Intensity standards were as previously 
described, and temperature was approximately 301 K.
Average decrease in intensities of the standard
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reflections for the epoxy-protected crystal was only 
25.1%, indicating that less deterioration had occurred 
than in the previous sample. The total number of 
reflections measured from the second crystal, and the 
number of "observed" reflections (those for which I > 
3c(I)), are noted in table IV-1. Intensities of 
reflections (2 0 4) and (-2 0 -4), at X angle near 90°, 
were measured at ij/ angle increments of 10°. These 
values were used to modify the intensity data for 
differences in absorption of xrays by the crystal. Data 
were corrected for Lorentz and polarization effects, and a 
set of observed structure factors was produced.
Reflections were sorted into parity groups based on
17their indices via program CLASSIFY. Systematically
absent were all reflections with h + k odd, as required by
C-centering. Additionally, h 0 1 reflections with 1 odd
were absent, indicating a glide plane perpendicular to the
b axis with translation along c. These extinctions
limited the crystal to two space groups: acentric Cc or
1 8centric c2/c.
Table IV-1: Crystal Data
2-(3,3-dimethyl-l-triazeno)-1,3-
Formula
Formula Weight 
Crystal System 
Space Group 
Z
_3
Dc (g cm )
a
b
c
(A)
(A) 
(A)
e t°)
v (A3 ) 
X, Cu ka (A)
Theta range (0 )
Measured reflections
Observed reflections, NO 
(I > 3a(I ))
Number of Variables, NV
R
[E(|Fo-Fc|) / E|Fo|]
wR
2,H
SN4C5h8
156.21
Monoclinic
C2/c
8
I.349
II.7831(11) 
11.7362(11) 
11.7663(9) 
109.0583(75) 
1537.95(3) 
1.54184
2 - 75
1585
764
100
0.0525
0.0687
[ E w ( | Fo | — 1 Fc | ) / E w | F o r  J
w = 1 / ( a2 ( F ) + | g | F2 ) 
g = 0.0700
Goodness-of-fit - ,
[ E w ( | F o | - |Fc | ) /  ( N O - N V ) ]
1.476
thiazole
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SOLUTION OF THE STRUCTURE
The structure of 2-(3,3-dimethyl-l-triazeno)-l,3- 
thiazole was solved by use of direct methods program 
MULTAN.16 '^ -® Distribution of normalized structure factors 
^Ehkl^ as revea-*-ed by statistical analysis was character­
istic of a centrosymmetric structure; therefore, of 
the two possible space groups, C2/c was chosen for the 
initial refinement. A Wilson plot of the data indicated
an initial scale factor of 0.425 and overall temperature
2
factor (B) of 3.036. The range of average E values was
bounded by 1.275 for parity group EEE and 0.463 for parity
2group OOO, with groups OEE, EOE, OEO, and E00 having E 
values of 0.0 in accordance with C-centering systematic 
absences. The 188 largest values of E, ranging from 3.615 
(2 0 2) to 1.204 (0 6 8), were used for phase determin­
ation, as were the forty-nine smallest E values.
5
Application of the El relationship garnered 188 
phase assignments of probability 0.50 or greater. The 
number of £2 phase relationships6 generated was 2512.
Two known phases determined by MULTAN were (4 0 4) and 
(8 0 -10); origin fixing reflections chosen were (7 7 -4) 
and (4 6 -5). Eight other reflections were included in 
the starting set: (2 0 2), (7 5 - 6), (4 2 -6), (6 6 -3),
(3 7 0), (3 7 -4), (1 7 -2), and (7 5 -4). Systematic
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permutation of these reflections and application of the 
tangent formula for phase determination provided four 
phase sets, with combined figures of merit ranging from 
3.000 to 0.852. Examination of the E-map generated with 
the best phase set revealed approximate locations of all 
non-hydrogen atoms in the molecule.
Atomic positions in the initial structural model were
refined isotropically for three cycles of full-matrix
least squares, at which point the discrepancy index, R,
dropped to 0.061. At this time, the model was modified to
include anisotropic motion for all non-hydrogen atoms.
Three least squares cycles followed by a difference
Fourier map revealed approximate positions for the eight
hydrogen atoms. With inclusion of these atoms into the
structural model, values of R=0.0519 and wR=0.0556 were
obtained from three additional cycles of least squares
analysis. However, the bond lengths and angles involving
hydrogens in the two methyl groups were quite displaced
from those of an ideal tetrahedron, probably because
rotation about the methyl carbons is not restricted.
Thus, the methyl hydrogen atoms were regularized into a
1 6tetrahedral arrangement by program HYDRO, with the 
approximate values from the previous difference Fourier 
map as input. The methyl group hydrogen atoms were also 
arranged "egg beater" fashion relative to hydrogens in the 
other methyl group, in order to provide a model with
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minimum repulsive forces. The resulting idealized 
hydrogen atoms were constrained to "ride" their 
corresponding methyl carbons, with isotropic thermal 
parameters equal to 1.3 times the equivalent isotropic 
parameter for the bonding carbon atom. No such adjust­
ments were necessary for the two hydrogen atoms on the 
ring carbons; their positional and thermal parameters 
refined to chemically reasonable values, since the 
ring-bonded hydrogen atoms are restricted to positions 
approximately in the plane of the ring.
Refinement of a model in non-centrosymmetric space 
group Cc was attempted by generating a second molecule, 
previously related by the center of symmetry in C2/c. The 
acentric model was rejected when, after several least 
squares cycles, the refinement did not reach convergence 
(shift / esd < 0.1), and the R values had both risen to 
greater than 1.00.
For the final structural model in C2/c, values of 
R=0.0525 and wR=0.0682 were obtained for 764 observed 
reflections and a total of 100 independent parameters, 
including three positional and six thermal values for each 
non-hydrogen atom, three positional parameters and an 
isotropic temperature factor for the two hydrogens on ring 
carbons, one scale factor, and one extinction coefficient. 
The "goodness-of-fit" of 1.476 is defined in table IV-1. 
Atomic coordinates for the final structural model are
2 0 0
listed in table IV-2, with corresponding anisotropic 
thermal parameters given in table IV-3. Values of 
observed and calculated structure factors are shown in 
table IV-4.
2 0 1
TABLE IV-2: Positional Parameters and Their
Estimated Standard Deviations 
2-(3,3-dimethyl-l-triazeno)-l,3-thiazole
Atom X y z B(A2 )
SI 0.18638(9) -0.00132(9) 0.3040(1) 5.66(2)
Nl 0.2603(3) 0.1828(3) 0.2337(3) 6.21(9)
N2 0.1410(3) 0.2211(3) 0.3547(3) 4.67(8)
N3 0.0903(3) 0.1680(3) 0.4188(3) 4.75(8)
N4 0.0327(3) 0.2314(3) 0.4719(3 ) 5.25(8)
Cl 0.1962(4) 0.1460(4) 0.2980(4 ) 4.82(9)
C2 0.2745(4) -0.0117(4) 0.2151(5) 6.3(1)
C3 0.3050(4) 0.0923(5) 0.1886(4 ) 6.8(1)
C4 -0.0253(4) 0.1764(4) 0.5487(4) 6.7(1)
C5 0.0260(4 ) 0.3531(4 ) 0.4574(5) 6.5(1)
H1C2 0.297(3) -0.084(4) 0.193(4) 6(1)*
H1C3 0.356(3) 0.095(3) 0.136(4) 7(1)*
H1C4 -0.106 0.202 0.527 8.7*
H2C4 -0.024 0.096 0.539 8.7*
H3C4 0.016 0.195 0.630 8.7*
H1C5 -0.026 0.383 0.497 8.4*
H2C5 0.104 0.385 0.491 8.4*
H3C5 -0.005 0.371 0.374 8. 4*
* Starred atoms were refined isotropically.
The equivalent isotropic thermal parameter, for atoms 
refined anisotropically, is defined by the equation:
(4/3) [ a2B1;L + b2B22 + c2b33 +
a b B ^ c o s y  + acB13cos$ + bcB23cosa ]
TABLE IV-3: Anisotropic Thermal Parameters - U's
2— {3,3-dimethyl-l-triazeno)-l,3-thiazole
Atom U11 U 22 U33 U12 U13 U 23
SI 0.0828(5) 0.0437(4) 0.0997(6) -0.0050(6) 0.0451(4) -0.0035(6)
Nl 0.098(2) 0.056(2) 0.101(2) -0.001(2) 0.058(1) 0.005(2)
N2 0.063(2) 0.045(2) 0.071(2) -0.002(1) 0.023(1) -0.001(2)
N3 0.060(2) 0.052(2) 0.073(2) -0.002(2) 0.027(1) -0.004(2)
N4 0.079(2) 0.045(2) 0.084(2) 0.007(2) 0.038(1) 0.003(2)
Cl 0.066(2) 0.049(2) 0.068(2) 0.002(2) 0.022(2) -0.001(2)
C2 0.087(2) 0.055(3) 0.110(3) 0.003(2) 0.048(2) -0.005(3)
C3 0.103(3) 0.068(3) 0.110(3) 0.006(2) 0.065(2) 0.002(3)
C4 0 .106(3) 0.066(3) 0.097(3) -0.005(3) 0.053(2) -0.005(3)
C5 0.103(3) 0.050(2) 0.102(3) 0.017(2) 0.045(2) 0.000(2)
The form of the anisotropic temperature factor is:
exp [ -2 n 2 { h2a*2un + k V 2u22 + i2c*2u 33 +
2 ( hka*b*U12 + hla c u ^ 3  + klb*c*u23 )}]
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TABLE IV-4: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc 
2-{3,3-dimethyl-l-triazeno)-l,3-thiazole
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
0 0 2 823 858 3 0 8 6 246 233 34
0 0 4 661 702 5 0 8 8 146 , 139 10
0 0 6 198 212 3 0 10 0 324 303 5
0 0 8 376 354 4 0 10 2 422 405 22
0 0 10 107 91 6 0 10 3 122 121 7
0 0 12 78 75 7 0 10 6 111 86 8
0 2 0 330 282 3 0 10 7 84 77 8
0 2 1 1123 1019 29 0 10 9 77 75 11
0 2 2 1526 1488 107 0 12 0 371 363 5
0 2 3 503 505 49 0 12 1 86 75 8
0 2 4 126 127 13 0 12 2 166 163 10
0 2 5 134 141 15 0 12 4 76 81 8
0 2 6 165 182 13 0 12 8 107 103 10
0 2 7 102 112 8 0 14 0 185 191 5
0 2 8 273 271 37 0 14 2 113 125 12
0 4 0 652 612 6 1 1--12 68 61 6
0 4 1 701 629 27 1 1-•10 120 119 6
0 4 2 747 658 65 1 1 -8 67 71 6
0 4 3 214 201 29 1 1 -7 165 157 4
0 6 0 1271 1129 8 1 1 -6 225 248 3
0 6 1 74 69 6 1 1 -4 241 261 2
0 6 2 623 555 32 1 1 -3 318 327 3
0 6 3 217 210 13 1 1 -2 600 626 4
0 6 4 291 264 31 1 1 -1 974 941 3
0 8 0 541 479 6 1 1 0 539 523 3
0 8 1 159 167 7 1 1 2 245 253 3
0 8 2 325 308 16 1 1 3 594 598 6
0 8 3 105 99 6 1 1 4 308 319 3
0 8 4 115 113 8 1 1 5 176 167 3
2
0
3
TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
1 1 6 184 184 4 1 5 6 273 242 5
1 1 8 152 155 5 1 5 9 83 85 10
1 1 9 66 59 8 1 5 10 77 47 8
1 3 -7 229 239 4 1 7--10 130 153 6
1 3 -6 76 84 6 1 7 -7 126 146 7
1 3 -5 63 80 7 1 7 -6 344 371 5
1 3 -4 581 703 6 1 7 -4 382 392 4
1 3 -3 145 157 3 1 7 -3 82 73 7
1 3 -2 472 471 5 1 7 -2 685 644 7
1 3 -1 494 483 5 1 7 0 79 69 7
1 3 0 364 350 4 1 7 2 109 94 5
1 3 2 423 378 4 1 7 4 427 388 5
1 3 3 377 365 4 1 7 6 264 232 5
1 3 4 304 283 3 1 7 8 239 206 6
1 3 6 378 357 4 1 7 9 89 69 7
1 3 9 126 106 6 1 9 -5 241 248 6
1 5--10 67 84 9 1 9 -4 339 343 5
1 5 -9 114 125 7 1 9 -2 309 289 5
1 5 -8 134 139 6 1 9 -1 180 174 6
1 5 -7 152 173 6 1 9 0 183 176 5
1 5 -6 59 76 8 1 9 2 113 111 6
1 5 -5 64 68 8 1 9 3 156 137 6
1 5 -4 390 427 4 1 9 4 221 202 6
1 5 -2 559 566 6 1 9 6 230 212 6
1 S -1 133 120 4 1 9 7 157 137 6
1 5 0 1107 1004 7 1 11 -6 117 118 7
1 5 2 810 723 8 1 11 -2 72 63 9
1 5 3 86 77 7 1 11 -1 66 62 10
1 5 4 407 365 4 1 11 0 88 73 8
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
1 11 8 74 75 7 2 2 -1 562 556 4
1 13 -6 70 61 6 2 2 0 1477 1496 4
1 13 -4 157 160 5 2 2 1 1060 1078 5
1 13 -2 185 190 5 2 2 2 155 142 3
1 13 -1 59 59 8 2 2 3 518 516 5
1 13 0 124 125 6 2 2 4 751 736 7
1 13 2 97 91 7 2 2 5 170 155 5
1 13 3 61 65 8 2 2 6 98 94 7
1 13 4 126 124 6 2 2 10 82 83 8
1 13 5 55 46 7 2 2 12 65 64 7
1 13 6 104 109 5 2 4 -8 111 118 6
2 0--10 200 200 5 2 4 -6 82 101 5
2 0 -8 213 210 4 2 4 -5 351 367 3
2 0 -6 746 733 6 2 4 -4 439 458 4
2 0 -4 390 379 4 2 4 -3 65 59 6
2 0 -2 1158 1159 3 2 4 -1 189 184 3
2 0 0 735 733 3 2 4 0 667 625 6
2 0 2 3587 3595 20 2 4 1 727 682 7
2 0 4 562 562 5 2 4 2 532 526 5
2 0 6 259 270 4 2 4 3 379 353 4
2 0 10 142 138 6 2 4 4 391 362 4
2 2--10 68 71 8 2 4 5 83 64 7
2 2 -8 466 493 5 2 4 6 92 81 8
2 2 -1 283 279 3 2 4 8 160 129 7
2 2 -6 588 601 6 2 6-10 70 69 8
2 2 -5 292 303 3 2 6 -8 187 219 6
2 2 -4 394 422 4 2 6 -7 242 273 5
2 2 -3 400 410 4 2 6 -6 378 414 4
2 2 -2 67 61 4 2 6 -4 201 199 4
2
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
2 6 -3 79 70 6 2 10 -6 146 136 6
2 6 -2 344 3-44 4 2 10 -5 139 145 7
2 6 -1 266 253 4 2 10 -4 133 137 7
2 6 0 517 488 5 2 10 -3 85 87 9
2 6 2 936 849 9 2 10 -1 145 149 6
2 6 3 81 60 7 2 10 0 403 390 5
2 6 4 428 386 4 2 10 1 108 103 7
2 6 5 138 118 6 2 10 2 238 238 6
2 6 6 161 138 6 2 10 4 292 270 5
2 6 8 112 98 8 2 12 -8 118 114 5
2 6 10 132 106 6 2 12 -6 189 182 5
2 6 11 73 53 8 2 12 -5 76 77 8
2 8--10 88 102 7 2 12 -2 76 84 9
2 8 -8 192 206 6 2 12 0 159 152 6
2 8 -7 198 208 6 . 2 12 1 72 81 9
2 8 -6 267 292 5 2 12 2 305 294 5
2 8 -5 246 245 5 2 12 3 60 57 8
2 8 -4 370 381 5 2 12 4 116 113 6
2 8 -2 74 63 8 2 14 -4 129 127 4
2 8 -1 74 58 7 2 14 -1 84 78 5
2 8 0 280 277 5 2 14 0 103 110 5
2 8 1 96 103 7 2 14 2 146 160 5
2 8 2 417 391 5 3 1--13 75 88 6
2 8 3 152 147 6 3 1--12 88 98 7
2 8 4 258 232 5 3 1--10 171 169 5
2 8 6 113 96 7 3 1 -8 304 301 4
2 8 8 118 98 7 3 1 -6 216 215 3
2 10 -8 105 108 7 3 1 -5 289 274 3
2 10 -7 140 140 6 3 1 -4 213 210 2
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
3 1 -3 91 79 3 3 5 -6 297 311 4
3 1 -2 288 296 3 3 5 -5 297 282 4
3 1 -1 339 347 3 3 5 -4 65 95 7
3 1 0 639 669 4 3 5 -3 74 78 7
3 1 1 781 805 5 3 5 -2 507 514 5
3 1 2 499 508 5 3 5 0 562 567 6
3 1 4 85 80 4 3 5 1 76 83 6
3 1 5 251 255 4 3 5 2 658 657 7
3 1 6 140 132 5 3 5 4 281 286 5
3 1 8 111 94 9 3 5 6 169 153 6
3 3--10 149 157 6 3 5 8 111 85 7
3 3 -8 143 156 5 3 7--10 120 130 6
3 3 -7 56 48 7 3 7 -8 289 332 5
3 3 -5 439 394 4 3 7 -7 150 173 7
3 3 -4 70 78 4 3 7 -5 208 228 5
3 3 -3 119 114 3 3 7 -4 458 463 4
3 3 -2 784 803 6 3 7 -3 141 139 5
3 3 -1 127 115 3 3 7 -2 423 426 4
3 3 0 420 423 4 3 7 -1 94 89 6
3 3 1 403 417 4 3 7 0 663 636 7
3 3 2 137 127 4 3 7 1 63 59 8
3 3 4 242 226 4 3 7 6 159 155 7
3 3 5 171 171 5 3 7 8 118 101 7
3 3 6 110 110 8 3 7 10 90 85 7
3 3 8 156 126 7 3 9--10 75 82 8
3 5--10 165 205 6 3 9 -7 90 108 9
3 5 -9 98 100 6 3 9 -3 301 306 5
3 5 -8 213 227 5 3 9 -2 373 370 5
3 5 -7 236 248 5 3 9 0 281 275 5
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
3 9 1 114 121 7 4 0 8 78 76 7
3 9 2 178 178 6 4 2--13 55 64 8
3 9 5 69 64 10 4 2--12 115 126 6
3 9 6 100 98 8 4 2--11 72 67 7
3 9 8 103 89 7 4 2 -8 128 116 5
3 11 -9 57 50 7 4 2 -7 52 37 7
3 11 -8 107 114 5 4 2 -6 839 804 7
3 11 -6 74 81 8 4 2 -5 467 442 5
3 11 -4 130 123 6 4 2 -4 858 850 6
3 11 -3 67 74 9 4 2 -3 422 424 4
3 11 -2 93 90 8 4 2 -2 407 425 4
3 11 0 72 74 8 4 2 -1 229 250 2
3 11 2 85 79 8 4 2 1 87 82 4
3 13 -5 61 65 8 4 2 2 650 684 6
3 13 -4 81 73 7 4 2 3 499 532 5
3 13 -3 58 60 8 4 2 5 177 179 5
3 13 -2 161 160 5 4 2 6 284 274 5
3 13 -1 68 65 8 4 4--11 88 105 7
3 13 0 194 197 5 4 4 -8 109 123 6
3 13 2 119 118 6 4 4 -7 117 115 5
4 0--10 74 71 7 4 4 -6 146 160 4
4 0 -8 373 356 4 4 4 -4 162 159 4
4 0 -6 308 303 3 4 4 -3 513 500 5
4 0 -4 974 968 5 4 4 -2 433 440 4
4 0 -2 561 556 5 4 4 -1 92 92 4
4 0 0 663 695 5 4 4 0 82 84 5
4 0 2 455 469 5 4 4 2 271 276 4
4 0 4 1332 1436 7 4 4 3 392 380 4
4 0 6 243 230 4 4 4 4 302 291 4
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
4 4 5 138 142 6 4 10 1 109 115 7
4 4 6 151 150 6 4 10 2 234 238 6
4 6 -8 79 85 9 4 10 4 118 118 7
4 6 -7 81 83 7 4 10 6 126 • 117 6
4 6 -6 310 327 5 4 12 -6 168 170 5
4 6 -5 366 391 4 4 12 -4 224 216 5
4 6 -4 428 457 4 4 12 -3 79 76 7
4 6 -2 93 73 5 4 12 -2 71 70 8
4 6 0 224 230 4 4 12 2 86 93 7
4 6 1 198 187 4 4 12 3 58 67 9
4 6 2 300 286 4 4 12 4 152 156 5
4 6 4 454 415 5 4 12 5 51 37 8
4 6 6 194 177 6 4 14 -2 139 145 4
4 8 -8 174 171 6 5 1--11 164 169 5
4 8 -6 286 292 5 5 1--10 183 182 5
4 8 -5 289 292 5 5 1 -8 340 320 4
4 8 -4 388 408 5 5 1 -7 107 110 4
4 8 -3 264 274 5 5 1 -6 509 520 5
4 8 -2 391 401 5 5 1 -4 336 320 3
4 8 2 168 165 6 5 1 -3 253 244 3
4 8 3 61 33 9 5 1 -2 101 104 3
4 8 4 230 217 6 5 1 -1 44 56 5
4 8 6 124 119 8 5 1 0 227 237 3
4 10 -6 155 159 6 5 1 1 178 180 3
4 10 -5 189 188 6 5 1 2 407 422 4
4 10 -4 187 193 6 5 1 3 391 395 4
4 10 -3 174 177 6 5 1 4 260 273 4
4 10 -2 161 151 6 5 1 7 91 92 6
4 10 -1 108 102 7 5 3--12 71 88 8
2
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
5 3-10 75 57 7 5 7 -5 211 220 6
5 3 -8 268 276 4 5 7 -3 237 241 5
5 3 -7 109 102 5 5 7 -2 416 405 5
5 3 -6 262 265 4 5 7 -1 96 104 7
5 3 -5 110 90 4 5 7 0 316 303 5
5 3 -4 143 143 4 5 7 2 391 386 5
5 3 -3 415 368 4 5 9 -8 148 145 6
5 3 -2 55 57 6 5 9 -5 137 135 6
5 3 0 498 528 5 5 9 -4 92 91 8
5 3 2 212 213 4 5 9 -2 91 93 8
5 3 3 180 193 4 5 9 -1 232 227 6
5 3 6 128 105 6 5 9 0 254 266 6
5 5-10 132 153 6 5 9 2 181 173 6
5 5 -9 71 75 9 5 9 3 71 61 9
5 5 -8 354 390 5 5 9 4 111 114 8
5 5 -7 162 162 5 5 11 -8 130 127 5
5 5 -6 351 368 4 5 11 -7 66 78 9
5 5 -5 328 322 4 5 11 -6 166 176 5
5 5 -4 385 399 4 5 11 -4 90 107 8
5 5 -3 319 304 4 5 11 -2 92 82 7
5 5 0 365 368 4 5 11 0 85 79 8
5 5 1 74 67 7 5 13 -6 75 76 6
5 5 2 363 379 4 5 13 -3 72 65 6
5 5 4 298 311 5 5 13 -2 67 57 7
5 5 6 88 91 8 5 13 -1 57 54 7
5 7-10 141 170 6 5 13 0 109 109 5
5 7 -8 219 234 6 5 13 2 124 138 5
5 7 -7 72 66 9 6 0--12 244 246 5
5 7 -6 481 503 5 6 0 -8 179 178 4
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
6 0 -6 470 415 5 6 4 0 274 276 4
6 0 -4 353 337 4 6 4 1 66 66 6
6 0 -2 554 565 6 6 4 4 75 80 9
6 0 0 367 415 4 6 4 5 171 159 6
6 0 2 132 138 4 6 4 6 99 104 8
6 0 4 170 166 4 6 4 7 68 47 8
6 0 6 426 457 4 6 6-■12 64 64 8
6 2-•11 128 123 5 6 6 -5 90 99 7
6 2--10 256 248 5 6 6 -4 339 351 5
6 2 -9 78 79 7 6 6 -3 346 358 4
6 2 -6 116 110 4 6 6 -2 320 330 4
6 2 -5 77 65 5 6 6 2 68 69 9
6 2 -4 803 768 7 6 6 3 109 101 7
6 2 -3 437 415 5 6 6 4 117 119 8
6 2 -2 716 730 7 6 6 6 166 148 6
6 2 -1 195 211 3 6 8 -6 192 197 6
6 2 0 231 257 3 6 8 -5 102 112 7
6 2 1 55 39 5 6 8 -4 271 265 5
6 2 4 220 228 4 6 8 -3 274 280 6
6 2 5 180 196 5 6 8 -2 355 366 5
6 2 8 86 77 6 6 8 -1 184 186 5
6 4--10 76 63 8 6 8 0 277 282 5
6 4 -9 149 148 6 6 8 4 79 66 8
6 4 -6 136 134 5 6 8 6 90 84 8
6 4 -5 185 166 4 6 8 8 55 43 7
6 4 -4 93 108 5 6 10--10 116 98 4
6 4 -3 45 14 6 6 10 -4 140 146 7
6 4 -2 184 193 4 6 10 -3 179 177 6
6 4 -1 299 308 4 6 10 -2 164 169 7
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
6 10 -1 124 140 7 7 3 -3 78 76 5
6 10 0 127 113 7 7 3 -2 193 200 4
6 10 4 91 . 90 7 7 3 -1 215 215 4
6 12 -7 53 46 8 7 3 2 232 236 4
6 12 -5 69 64 6 7 3 4 72 70 8
6 12 -4 165 176 5 7 3 5 69 68 7
6 12 -2 191 176 5 7 5--12 75 70 7
7 1--11 95 92 7 7 5--10 119 135 6
7 1--10 104 94 6 7 5 -9 74 89 9
7 1 -9 236 235 5 7 5 -8 228 216 5
7 1 -8 234 230 4 7 5 -7 93 93 7
7 1 -6 420 395 4 7 5 -6 454 472 5
7 1 -5 99 97 5 7 5 -5 177 180 5
7 1 -4 546 545 5 7 5 -4 370 379 4
7 1 -2 258 269 3 7 5 -3 252 249 4
7 1 -1 139 129 4 7 5 -2 257 269 5
7 1 0 46 49 7 7 5 -1 219 219 5
7 1 2 135 133 4 7 5 2 160 160 5
7 1 3 64 50 6 7 5 4 163 161 6
7 1 4 198 200 5 7 5 6 109 119 7
7 1 5 163 164 5 7 7 -9 76 86 8
7 1 6 99 105 6 7 7 -8 210 224 6
7 3--12 64 71 8 7 7 -6 277 282 5
7 3--10 169 161 6 7 7 -5 63 64 9
7 3 -9 98 104 7 7 7 -4 484 501 5
7 3 -8 93 94 7 7 7 -3 171 185 6
7 3 -6 325 329 4 7 7 -2 82 84 9
7 3 -5 87 90 6 7 7 -1 162 161 6
7 3 -4 279 277 4 7 7 0 241 237 6
2
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
7 7 2 162 153 6 8 4 -9 60 44 9
7 7 4 174 169 6 8 4 -8 110 103 7
7 9 -6 176 173 6 8 4 -7 139 140 6
7 9 -3 110 113 7 8 4 -4 104 95 6
7 9 -2 105 111 8 8 4 -3 136 129 5
7 9 1 110 110 8 8 4 0 115 129 6
7 9 2 116 130 7 8 4 1 122 118 5
7 9 4 87 73 7 8 4 2 134 132 6
7 11 -6 143 148 6 8 6--10 98 105 8
7 11 -5 87 86 6 8 6 -6 113 116 7
7 11 -4 184 190 5 8 6 -3 67 76 10
7 11 -2 98 89 6 8 6 -2 259 269 5
8 0--10 412 389 5 8 6 -1 212 222 6
8 0 -6 246 246 4 8 6 0 159 178 6
8 0 -4 273 259 4 8 8--10 95 86 6
8 0 -2 287 286 4 8 8 -8 98 113 7
8 0 0 229 235 4 8 8 -4 161 151 6
8 0 2 178 189 4 8 8 -2 160 154 6
8 0 8 117 124 4 8 8 -1 187 186 6
8 2 -9 165 160 5 8 8 0 204 214 6
8 2 -8 340 332 5 8 8 1 82 80 8
8 2 -6 55 47 8 8 8 2 147 139 7
8 2 -3 66 70 6 8 10 -8 137 136 5
8 2 -2 424 422 4 8 10 -1 107 118 7
8 2 -1 229 217 4 8 10 0 99 95 6
8 2 0 366 383 4 8 12 -5 55 50 7
8 2 1 62 63 7 8 12 -2 117 125 5
8 2 2 119 121 5 8 12 0 85 98 6
8 4--10 82 92 . 8 9 1--12 81 83 7
2
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
9 1-■10 87 85 8 9 5 -1 122 130 6
9 1 -9 129 118 6 9 5 0 129 131 6
9 1 -8 89 86 6 9 5 1 106 115 7
9 1 -7 220 222 5 9 7 -6 194 201 6
9 1 -6 201 198 5 9 7 -4 235 230 6
9 1 -4 315 314 4 9 7 -2 334 335 5
9 1 -2 354 359 4 9 7 -1 88 101 9
9 1 0 143 145 5 9 7 1 82 80 9
9 1 6 71 70 6 9 7 2 103 99 8
9 1 7 52 61 6 9 9 -4 140 141 6
9 3-•12 104 95 6 9 9 0 82 81 8
9 3--10 130 113 6 9 11 -4 105 111 5
9 3 -8 214 208 5 9 11 -3 67 68 7
9 3 -7 106 111 6 9 11 -2 136 141 5
9 3 -6 105. 97 6 10 0--12 58 55 8
9 3 -4 258 265 5 10 0 -8 458 421 5
9 3 -2 173 185 5 10 0 -6 58 46 8
9 3 0 145 139 5 10 0 -4 196 191 5
9 3 1 86 85 7 10 0 -2 83 86 7
9 3 4 92 76 6 10 0 0 120 138 6
9 5--12 103 100 6 10 0 2 79 85 6
9 5--10 117 114 6 10 0 4 72 66 6
9 5 -8 128 145 6 10 2 -9 70 71 8
9 5 -7 106 95 6 10 2 -7 144 135 5
9 5 -6 185 187 6 10 2 -6 317 298 5
9 5 -5 67 71 9 10 2 0 155 162 6
9 5 -4 351 355 5 10 2 1 91 88 6
9 5 -3 151 141 6 10 2 2 139 141 5
9 5 -2 252 252 5 10 4 -8 104 88 6
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
10 4 -6 116 110 7 11 3 0 75 81 8
10 4 -5 78 85 7 11 3 2 62 64 8
10 4 -4 74 55 8 11 5-10 118 121 6
10 6 -8 129 118 6 11 5 -8 133 126 6
10 6 -6 71 77 9 11 5 -6 96 107 7
10 6 -4 115 107 7 11 5 -4 102 104 7
10 6 0 150 146 6 11 5 -2 174 . 171 5
10 6 1 97 103 7 11 5 -1 76 81 8
10 6 2 67 72 9 11 5 0 111 107 6
10 8 -8 88 85 6 11 7-10 113 103 5
10 8 -6 100 109 7 11 7 -8 79 65 6
10 8 1 81 93 8 11 7 -6 71 50 7
10 8 2 89 86 6 11 7 -4 126 118 6
10 10 -6 129 124 4 11 7 -2 125 130 7
10 10 -4 53 34 8 11 7 0 146 161 6
11 1-12 61 45 7 11 9 -2 60 77 8
11 1-10 120 106 6 12 0-12 62 60 7
11 1 -8 113 102 6 12 0-10 74 68 7
11 1 -7 108 103 6 12 0 -6 321 311 5
11 1 -6 58 48 8 12 0 -2 85 93 8
11 1 -5 135 144 6 12 2 -7 81 72 7
11 1 -4 109 117 7 12 2 -4 184 179 5
11 1 -2 177 168 5 12 4 -4 97 74 7
11 1 0 159 166 5 12 6 -6 93 90 7
11 3-12 107 98 5 12 6 -4 61 54 9
11 3-10 131 117 5 12 8 -4 58 72 8
11 3 -8 140 116 6 13 1 -8 97 94 7
11 3 -6 186 181 5 13 1 -6 80 80 7
- 11 3 -2 141 141 6 13 1 -5 63 65 8
i
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TABLE IV-4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF
13 1 -3 64 72 8
13 1 0 56 62 7
13 3-10 93 93 6
13 3 -8 91 90 7
13 3 -6 78 78 7
13 3 -4 108 111 6
13 5 -8 109 99 5
13 5 -6 99 94 6
14 0 -4 146 158 6
14 2 -2 68 74 7
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DISCUSSION
Molecular Structure
The 2-(3,3-dimethyl-triazeno)-1,3-thiazole molecule 
is shown in figure IV-1. Bond lengths and angles (tables 
IV— 5, IV-6, and IV-7) are quite similar to those in 
related structures. The Cambridge Crystal Data File 
(CCDF)^7 contains eighty references of compounds having at 
least one thiazole ring. Comparison of the average 
geometric values determined from these eighty structures 
with the same values in the present compound is made in 
table IV-8. Comparable bond distances and angles in 
unsubstituted thiazole are also included, although these 
values were obtained by the substitution method investi­
gation of microwave spectra.47 Bonds to the ring 
sulfur atom are slightly more asymmetric in the present 
structure (1.742 A, 1.699 A) than in unsubstituted 
thiazole (1.724 A, 1.713 A) or in the CCDF average 
(1.722 A, 1.723 A), presumably due to repulsion between 
the sulfur and the triazene functional group. Average 
geometric values determined from forty structures in the 
CCDF having a triazine fragment are compared with the
triazene fragment of the present structure in table IV-9,
48 49
as are values from two as-yet unpublished structures. ' 
None of the bond distances or angles in the triazene group
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of the present compound differ significantly from those in 
the comparison structures. The bond joining the thiazole 
ring with the triazene group, C1-N2, (distance 1.382(6) A) 
is longer than that observed for 2-amino substituted 
thiazole (1.330(7) A) and for 2-methylamino thiazole 
(1.335(3) A).50
The entire molecule is nearly planar, as would be
expected for a highly conjugated system. The thiazole
2
ring is not planar at the 50% probability level ( x  = 4.8, 
table IV-10), but all atoms in the ring are within 
0.005(4) A of the best-fit least squares plane. The plane 
composed of the three triazene nitrogen atoms makes a 
dihedral angle of 6.14° with the thiazole ring plane.
This value corresponds with the dihedral angles in two
recently determined ring-substituted dimethyl triazenes,
48
p-(3,3-dimethyl-l-triazeno)benzonitrile (10.9°), and
492-(3,S-dimethyl^l-triazeno)dibenzofuran (5.60°). The 
plane defined by the terminal methyl groups and the 
nitrogen to which they bond forms a dihedral angle of just
1.27° with the triazene plane.
Crystal Packing
Crystals of 2-(3,3-dimethyl-triazeno)-l,3-thiazole 
pack in a monoclinic C-centered lattice of space group 
C2/c. An unusual feature of the lattice is that cell 
parameters a, b, and c are almost equal in length (table
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IV-1). The molecules in the crystal are stacked nearly 
"pancake fashion" ( figure IV-2), with the thiazole ring 
of one molecule almost directly over the triazene portion 
of another molecule. Most of the atoms in one molecule 
are within or near van der waals radii distance (about 
3.5 A) to the molecular plane of another molecule. Table 
IV-11 indicates selected distances between the molecular 
plane of the asymmetric unit molecule and atoms of other 
molecules in the crystal, as well as the symmetry 
operations relating them.
No evidence of hydrogen bonding, as indicated by 
non-bonding H— A distances of 3.0 A or less, has been 
observed in the crystal, due to lack of suitable hydrogen 
donor atoms. A stereo view of the unit cell is shown in 
figure IV-3.
FIGURE IV-1: 2-{3,3-Dimethyl-l-Triazeno)-1,3-Thiazole
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TABLE IV-5: Bond Distances in Angstroms
2-(3,3-dimethyl-l-triazeno)-l,3-thiazole
Atom 1 Atom 2 Distance
SI Cl 1.736(4)
SI C2 1.701(6)
N1 Cl 1.305(7)
Nl C3 1.367(7 )
N2 N3 1.269(5)
N2 Cl 1.388(6)
N3 N4 1.297(5)
N4 C4 1.450(7)
N4 C5 1.438(6)
C2 C3 1.337(7)
C2 H1C2 0.95(5)
C3 H1C3 0.99(5)
C4 H1C4 0.949(5)
C4 H2C4 0.951(5)
C4 H3C4 0.950(5)
C5 H1C5 0.949(6)
C5 H2C5 0.949(4)
C5 H3C5 0.951(5)
Numbers in parentheses are estimated standard 
deviations in the least significant digits.
TABLE IV-6: Bond Angles in Degrees
2-(3,3-dimethyl-1-triazeno)-l,3-thiazole
Atom Atom Atom Angle Atom Atom Atom Angle
1 2  3 1 2  3
Cl SI C2 89.1(2)
Cl Nl C3 109.7(5)
N3 N2 Cl 111.0(4)
N2 N3 N4 115.3(3)
N3 N4 C4 118.2(4)
N3 N4 C5 122.0(4)
C4 N4 C5 119.9(4)
SI Cl Nl 114.3(4)
SI Cl N2 124.4(4)
Nl Cl N2 121.3(4)
SI C2 C3 110.0(4)
SI C2 H1C2 120.(3)
C3 C2 H1C2 130.(3)
Nl C3 C2 116.8(5)
Nl C3 H1C3 127.(2)
C2 C3 H1C3 116.(2)
N4 C4 H1C4 109.2(4)
N4 C4 H2C4 109.5(5)
N4 C4 R3C4 109.7(4)
H1C4 C4 H2C4 109.5(5)
HlC4 C4 H3C4 109.5(5)
H2C4 C4 H3C4 109.5(5)
N4 C5 H1C5 109.5(5)
N4 C5 H2C5 109.3(4)
N4 C5 H3C5 109.6(4)
H1C5 C5 H2C5 109.5(4)
H1C5 C5 H3C5 109.5(5)
H2C5 C5 H3C5 109.5(5)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
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TABLE IV-7: Torsion Angles in Degrees
2— (3,3-dimethyl-l-triazeno)-l,3-thiazole
Atom 1 Atom 2 Atom 3 Atom 4 Angle
C2 SI Cl Nl 0.26 { 0.36)
C2 SI Cl N2 179.77 ( 0.40)
Cl SI C2 C3 0.43 { 0.40)
Cl SI C2 H1C2 178.91 ( 2.88)
C3 Nl Cl SI -0.86 ( 0.49)
C3 Nl Cl N2 179.61 ( 0.40)
Cl Nl C3 C2 1.25 ( 0.61)
Cl Nl C3 H1C3 179.65 ( 3.05)
SI C2 C3 Nl -1.06 ( 0.59)
SI C2 C3 H1C3 -179.65 ( 2.69)
H1C2 C2 C3 Nl -179.35 ( 3 .22)
H1C2 C2 C3 H1C3 2.06 ( 4.24)
Cl N2 N3 N4 -177.65 ( 0.35)
N3 N2 Cl SI 4.98 { 0.52)
N3 N2 Cl Nl -175.54 ( 0.39)
N2 N3 N4 C4 -178.71 ( 0.37)
N2 N3 N4 C5 0.79 ( 0.56)
N3 N4 C4 H1C4 -129.88 ( 0.44)
N3 N4 C4 H2C4 -10.03 ( 0.60)
N3 N4 C4 H3C4 110.12 ( 0.48)
C5 N4 C4 H1C4 50.61 ( 0.59)
C5 N4 C4 H2C4 170.46 ( 0.42)
C5 N4 C4 H3C4 -69.39 ( 0.58)
N3 N4 C5 H1C5 174.72 { 0.40)
N3 N4 C5 H2C5 -65.35 ( 0.58)
N3 N4 C5 H3C5 54.63 ( 0.62)
C4 N4 C5 H1C5 -5.79 ( 0.64)
C4 N4 C5 H2C5 114.14 ( 0.50)
C4 N4 C5 H3C5 -125.88 ( 0.47)
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TABLE IV-8: Comparison of Bond Distances and Angles
in the Thiazole Ring
2-(3,3-dimethyl-l-triazeno)-!,3-thiazole
Distance 
or Angle i II Ill
Cl-Sl 1.742(5) 1.724(1) 1.722(35)
S1-C2 1.699(6) 1.713(1) 1.723(31)
C2-C3 1.332(8) 1.367(1) 1.356(40)
C3-N1 1.363(7) 1.372(1) 1.384(34)
Nl-Cl 1.307(7) 1.304(1) 1.318(36)
C1-S1-C2 89.2(2) 89.3(1) 89.9(1.8)
S1-C2-C3 109.9(4) 109.6(1) 110.0(2.3)
C2-C3-N1 117.4(5) 115.8(1) 114.9(3.2)
C3-N1-C1 109.6(4) 110.1(1) 111.3(3.6)
Nl—Cl-Sl 113.9(4) 115.2(1) 113.7(2.5)
S1-C1-N1-C3 -0.92(49) 0.20(3.28)
N1-C1-S1-C2 0.51(37) -0.41(2.40)
C1-N1-C3-C2 1.01(61) 0.24(3.63)
N1-C3-C2-S1 -0.63(59) -0.59(3.31)
C3-C2-S1-C1 0.07(46) 0.54(2.19)
I present work
II unsubstituted thiazole t
L. Nygaard , et.al. J. Mol. Struc. 8, 225-233 (1971)
III CCDF average values, 80 thiazole ring fragments
substituted at Cl
TABLE IV-9: Comparison of Distances and Angles in the Triazene Fragment
2-( 3,3-dimethyl-l-triazeno)-!,3-thiazole
Distance 
or Angle I II III IV V
N2-N3
N3-N4
N4-C4
N4-C5
1.272(6)
1.292(6)
1.445(7)
1.436(6)
1.270(3)
1.328(2)
1.435(4)
1.443(4)
1.270(1)
1.316(1)
1.445(2)
1.442(2)
1.303(0)
1.372(35)
1.410(18)
1.417(29)
1.308(22)
1.313(29)
N2-N3-N4
N3-N4-C4
N3-N4-C5
C4-N4-C5
115.7(4)
118.5(4)
121.8(4)
119.7(4)
113.2(2)
115.4(2)
122.8(2)
121.8(2)
114.68(9)
115.9(1)
122.7(1)
120.6(1)
111.4(4.4) 
119.8(3.2) 
121.9(4.2) 
117.3(6.1)
110.5(5.9)
N2-N3-N4-
N2-N3-N4-
-C4
-C5
-178.58(37)
0.53(58)
-179.74(25)
1.76(37)
-173.44(12)
-3.78(16)
-135.05(56.25)
38.53(69.00)
I present work
II G.W. Horn, F.R. Fronczek, S.F. Watkins— to be published
III F.R. Fronczek, C. Hansch, S.F. Watkins— to be published
IV CCDF average values, 2 dimethyl substituted triazene fragments
V CCDF average values, 40 triazene fragments, any substitution
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TABLE IV-10: Least-Squares Planes
2-( 3,3-dimethyl-l-triazeno)-1,3-thiazole
Orthonormal Equation of Plane
-0.5794 X + 
0.0017
0.0137 Y + 
0.0020
-0.8149 Z - 
0.0012
-3.3504 = 0 
0.0027
Crystallographic Equation of Plane
-6.8269 X + 
0.0198
0.1613 Y + 
0.0230
-6.8368 Z - 
0 .1580
-3.3504 = 0 
0.0027
Atom X Distance Esd
SI 1.0278 -0.0154 3.3809 -0.0006 +- 0.0012
Cl 1.1660 1.7136 3.3143 -0.0026 +- 0.0043
Nl 2.1690 2.1447 2.5988 0.0053 +- 0.0038
C2 2.4074 -0.1371 2.3926 0.0038 +- 0.0051
C3 2.8685 1.0826 2.0974 -0.0060 +- 0.0049
Chi Squared - 4.6
Other Atoms —
H1C2 2.7511 -0.9905 2.1502 -0.0095 +- 0.0406
H1C3 3.6747 1.1096 1.5158 0.0012 +- 0.0416
N2 0.2985 2.5950 3.9451 -0.0019 +- 0.0036
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TABLE IV-10, cont'd: Least-Squares Planes
Orthonormal Equation of Plane 2
-0.6040 X + -0.0880 Y + -0.7921 Z - -3.5335
0.0019 0.0060 0.0016 0.0143
Crystall.ographic Equation of Plane
-7.1171 X + -1.0326 Y + -6.4881 Z - -3.5335
0.0224 0.0707 0.1686 0.0143
Atom X Y Z Distance
N2 0.2985 2.5950
N3 -0.5458 1.9714
N4 -1.4287 2.7153
  Other
Cl 1.1660 1.7136
C4 -2.4069 2.0701
C5 -1.4518 4.1440
3.9451 0.0000 +- 0
4.6582 0.0000 +- 0
5.2489 0.0000 +- 0
Atoms -----
3.3143 0.0532 +- 0
6.1028 -0.0287 +- 0
5.0867 0.0167 +- 0
=  0
=  0
Esd '
0036 
0033
0037
0043
0049
0051
228
TABLE IV-10, cont'd: Least-Squares Planes
Orthonormal Equation of Plane 3
-0.6167 X + -0.0987 Y + 
0.0050 0.0046
-0.7810
0.0035
Z - -3.4862 = 0 
0.0381
Crystallographic Equation of Plane
-7.2663 X + -1.1578 Y + 
0.0587 0.0544
-6.3161
0.2741
Z - -3.4862 = 0 
0.0381
Atom X Y Z Distance Esd
N4 -1.4287 2.7153 
C4 -2.4069 2.0701 
C5 -1.4518 4.1440
5.2489
6.1028
5.0867
0.0000 +- 0.0037 
0.0000 +- 0.0049 
0.0000 +- 0.0051
Dihedral Angles Between Planes:
Plane No. Plane No. Dihedral Angle
1 2 6.14 +- 1.17
1 3 7.06 +- 1.99
2 3 1.14 +- 9.63
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FIGURE IV-2: van der Waals Contacts,
2-(3,3-Dimethyl-l-Triazeno)-l,3-Thiazole
230
TABLE IV-11: Close Contacts of Selected Atoms with the
Molecular Plane of the Asymmetric Unit 
2 - ( 3,3-dimethyl-l-triazeno)-l,3-thiazole
Atom
Symmetry
Code Dl, A D2, A
SI A 3.31 3.09
AA 3.42 3.75
Nl A 3.39 3.00
AA 3.42 3.28
N2 A 3.38 0.57
AA 3.44 1.10
N3 A 3.45 0.72
AA 3.35 1.45
N4 A 3.42 1.45
AA 3.40 1.60
Cl A 3.37 1.94
AA 3.42 2.44
C2 A 3.32 4.30
B 0.04 3.47
C 3.38 3.28
C3 A 3.37 4.12
B 0.01 4.45
C 3.42 4.00
C4 A 3.28 3.02
C5 A 3.30 2.02
Molecular plane defined by atoms Si, Cl, and Nl
equation: 0.5883x - 0 .017 4y + 0.8085z - 3.3383 = 0.
center: atom N2
approximate size: 9.0 x 7 . 0 A
Symmetry Codes:
symmetry lattice unit cell
operation cente ring translation
A -x, y,-z+0.5 0, 0, 0 0, 0, 0
AA -x,-y,-z 0.5, 0.5, 0 0, 0, 1
B -x,-y,-z+0.5 0.5, 0.5, 0 0, 0, 0
C x, y, z+0.5
ooo
0, 0, 0
Dl = distance of atom to its projection on the plane 
D2 = distance of projected atom to the plane center
FIGURE IV-3: 2-(3,3-Dimethyl-l-Triazeno}-l,3-Thiazole 
Unit Cell, Reversed Stereo View
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CHAPTER V 
SUMMARY
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The crystal structure of a non-superconducting salt, 
(BEDT-TTF^ A u B ^ ,  is reported in Chapter II. Bond geom­
etry in the BEDT-TTF molecule is comparable to that for 
others in the class. Conformational disorder common in 
these materials is exhibited at one end of the BEDT-TTF 
molecule. Like its superconducting cogeners, (BEDT- 
TTF ) 2  A u B ^  posesses interstack sulfur-sulfur 
contacts of less than van der Waals radii. However, the 
type of two-dimensional network of cations observed in all 
known superconducting BEDT-TTF salts does not exist in 
this compound.
In Chapter III, crystal structures of two thiocyanate 
salts of doubly-bridged dicobalt complexes are discussed. 
The first, an amido-, hydroxo-bridged species, displays 
slightly distorted octahedral coordination about each 
cobalt, with bond geometry typical of many -Co(ethylene- 
diaminejj groups. No positional disorder is observed, 
either in the 4+ cation or in any of the SCN~ anions.
The second structure of Chapter ill is a redeter­
mination made at low temperature (115 K), of an amido-,
peroxo-bridged cobalt complex. The room temperature
3 4structure was reported in 1972. The crystal undergoes 
an ordering transition upon cooling; disorder evident 
at room temperature in two ethylenediamine groups of the
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cation is mostly resolved, lowering the crystal symmetry 
from Pbca to P2^ca. Disorder seen in one SCN” group at 
room temperature is only partially resolved upon cooling, 
and accounts for a large portion of the remaining inaccur­
acies of the final structural model.
Structural details of 2-(3,3-dimethyl-l-triazeno)- 
1,3-thiazole are described in Chapter IV. Excluding 
methyl group hydrogen atoms, the entire molecule is nearly 
planar. Bond lengths and angles are typical of those seen 
in similar highly conjugated systems. The molecules are 
tightly packed approximately face-to-face, with several 
intermolecular contacts of less than van der Waals radii.
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A P P E N D I X  A
The Partially Resolved Crystal Structure of 
/j-Bromo-//-Hydroxo-Bi s-[ Bis- ( Ethylenediamine ) Cobal t (III)]
Tetrabromide
240
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INTRODUCTION
The partially resolved structure of //-bromo-/u-hydroxo- 
bis-[bis-(ethylenediamine) cobalt(III)] tetrabromide is 
presented herein. Crystals of the compound were prepared 
by Dr. R.L. Musselman, who was attempting to synthesize 
//-amido-//-hydroperoxo-bi s- [ bis- ( ethylenediamine ) 
cobalt(HI)] tetrabromide. The substitution of bromine 
into a bridging position between the cobalt atoms 
apparently occurred during recrystallization of the 
desired compound.
EXPERIMENTAL AND SOLUTION
A red, plate-like crystal of approximate dimensions
0.26 x 0.20 x 0.10 mm was affixed in a random manner onto
a glass fiber, which was then mounted onto an Enraf-Nonius
CAD4 automated diffractometer equipped with graphite mono-
chromatized Mo Ka radiation. Twenty-five reflections
16located via program SEARCH were indexed and a triclinic 
cell determined. Careful centering of twenty-five 
high-angle reflections (0 between 14° and 16°) 
produced more precise cell constants. By inspection of 
the Niggli m a t r i x , ^  program TRACER‘S  indicated a higher 
symmetry monoclinic C-centered lattice.
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One guarter of the reflection sphere was collected 
due to monoclinic symmetry. Intensity standards (6 0 0), 
{0 2 0), and (0 0 2), and orientation standards (9 -3 -6) 
and (6 4 1) were monitored periodically. Empirical 
absorption corrections were made based on intensities of 
reflections (0 2 2), (1 3 3), (0 4 4), (0 2 3), and 
(0 4 5), all having x values near 90°, measured at 
incremental 4/ values of 10°. Finally, Lorentz and 
polarization corrections were applied, and a set of 
observed structure factors was produced. Crystal data are 
given in table A - l .
No systematic absences except those due to lattice 
centering were observed , which limited the choice of 
space group to C2, Cm, or C2/m. As indicated by the 
density of 2.230, two complete formula units reside in the 
unit cell. Therefore, space group C2/m could be 
eliminated, since it would require that the unique portion 
be one quarter of the molecule, which is physically 
impossible with asymmetric bridging atoms. Choice of 
either group C2 or Cm requires that half the molecule be 
related by symmetry (two-fold rotation or mirror) to the 
other half, which is physically reasonable if the bridging 
atoms reside on the symmetry element. Inspection of 
ethylenediamine group conformations in similar materials 
indicated C2 as the more likely space group, with the 
two-fold rotational axis relating one C o f e n ^  group to the
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other, through the bridging atoms.
The initial structural model was deduced via the 
heavy atom method from a Patterson map, and included the 
independent cobalt atom and two bromine anions.
Successive difference Fourier maps yielded positions of 
all atoms in the ethylenediamine groups, as well as atoms 
at the bridging positions, which were initially thought to 
be oxygen and nitrogen. However, a large difference 
Fourier peak (=32 e~/A^) in the region of one bridge atom 
led to the conclusion that a bromine atom had substituted 
into the bridging position, replacing nitrogen in the 
intended compound; it was also inferred from a difference 
map that the bridge oxygen represented a hydroxo group, 
not the desired hydroperoxo group. Further refinement 
revealed that the bridging atoms were not exactly on the 
two-fold axis as required by C2 symmetry. This 
observation may have one of several explanations: 1), the
crystal is correctly described as triclinic primitive, not 
C-centered monoclinic; 2), the crystal may reasonably be 
described as C-centered with positional disorder in the 
bridging atoms; or 3), possible long-range order exists in 
the bridge atomic positions.
Because of the difficulties involved in resolving the 
apparent disorder, further investigation was abandoned for 
the present. The current structural model has refined to 
R=0.115 and wR=0.127 for 1289 observed reflections and 93
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variables. Atomic positional parameters and anisotropic 
temperature factors are given in tables A-2 and A-3, with 
comparison of observed and calculated structure factors in 
table A-4. The compound is pictured in figure A-l, with 
disorder in bridging atoms illustrated. Bond lengths and 
angles of the current model are listed in tables A-5 and 
A - 6 . The highest residual peak in the last difference
_ 3
Fourier map is 3.005 e /A , near the cobalt atom.
TABLE A-l: Crystal Data
[ (en)2Co*/t/( Br,OH) ■Co(en)2 jBr^
Formula
Formula Weight 
Crystal System 
Space Group 
Z
Dc (g cm"3 )
a (A)
b (A) 
c (A)
(3 (°)
v (A3 ) 
X, Ho ka (A)
Theta range (0 )
Measured reflections
Observed reflections, NO 
(I > 3o(I))
Number of Variables, NV
R
[r(|Fo-Fc|) / E|Fo(] 
wR -
[Z w( j Fo|- |Fc| )2 / Z w|Fo|2 J^
w = 1 / (a2 (F ) + |g|F2 ) 
g = 0.0500
Goodness-of-fit 9 ,
[Z w{|Fo|— |Fc|) / (NO—N V )]
Br5Co2ON8C8H33
774.82
Monoclinic
C2
2
2.230
14.430(3)
8.687(3)
10.820(4)
121.7(5)
1153.6(8)
0.71703
1 - 3 0
1829
1097
93
0.116
0.130
1.989
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TABLE A-2: Positional Parameters and Their
Estimated Standard Deviations 
[ (en)2Co-jt/(Br ,OH) *Co(en)2 ]Br4
Atom X Y z B(A2 )
Co 0.1030(2) 0.000 0.1615(2) 1.77(4)
Brl -0.0405(3) 0.1868(6) 0.0352(4) 2.32(7)
01 0.036(2) -0.084(3) -0.021(3) 1.3(4)*
N2 0.025(2) 0.119(4) 0.232(2) 3.3(4)
N3 0.231(1) 0.131(3) 0.268(2) 3.1(4)
N4 0.198(2) -0.120(4) 0.118(3) 4.1(6)
N5 0.148(2 ) -0.141(3) 0.329(3) 4.8(5)
C2 0.085(2) 0.061(5) 0.405(3) 3.8(5)*
C3 0.312(2) 0.069(4) 0.202(3) 3.5(5)*
C4 0.314(1) -0.089(3) 0.235(2) 1.9(3)*
C5 0.081(2) -0.099(3) 0.392(2) 2.3(3)*
Br2 0.1126(2) 0.4845(5) 0.3788(3) 3.45(5)
Br3 0.2798(2) 0.4886(6) 0.1730(3) 3.60(4)
* Starred atoms were refined isotropically.
The equivalent isotropic thermal parameter, for atoms 
refined anisotTopically, is defined by the equation:
(4/3) [ a2B xl + b2B22 + c 2B33 +
abB^cosy + acB-^cosB + bcB23cosa ]
TABLE A-3: Anisotropic Thermal Parameters - U's
[ (en)2Co*//(Br,OH) • Co(en) 2 ]Br^
Atom U11 U22 U33 U12 U13 U23
Co 0.0203(5) 0.025(1) 0.0193(6) -0.001(1) 0.0084(4) 0.002(1)
Brl 0.031(1) 0.032(2) 0.022(1) -0.004(1) 0.0122(8) -0.009(1)
N2 0.038(6) 0.06(1) 0.030(6) 0.014(8) 0.022(4) 0.017(8)
N3 0.043(5) 0.04(1) 0.051(7) -0.005(7) 0.036(4) 0.002(8)
N4 0.033(7) 0.06(2) 0.07(1) 0.008(9) 0.026(6) 0.01(1)
N5 0.061(6) 0.02(1) 0.14(1) -0.006(6} 0.079(5) -0.014(9)
Br2 0.0373(7) 0.045(1) 0.0351(8) -0.001(1) 0.0097(6) -0.003(1)
Br3 0.0476(6) 0.043(1) 0.0549(7) -0.002(1) 0.0330(4) -0.002(2)
The form of the anisotropic temperature factor is: 
exp [ -2 n 2 f h2a*2U n  + k2b*2U22 + l2c*2U 33 +
2 ( hka*b*U^2 + hla*c*U^3 + klb*c U23 )}]
2
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TABLE A - 4 : O b s e r v e d  a nd  c a l c u l a t e d  S t r u c t u r e  F a c t o r s ,
V a l u e s  o f  10*Fobs  and  1 0 * F c a l c  
[ ( e n ) 2C o - ^ ( B r , O H ) - C o ( e n ) 2 ] B r 4
H K L Fobs F c a l c S ig F K K L Fobs F c a l c S igF
0 0 7 207 106 26 6 0 7 208 174 18
0 o e 264 181 23 6 0 8 435 417 13
0 o g 1381 939 25 6 0 8 435 417 13
0 0 10 354 259 22 6 0 9 607 571 12
2 0 - 12 542 414 15 6 0 9 607 571 12
2 0 - 12 542 414 15 8 0 -1 3 173 251 22
2 0 -1 1 438 318 16 8 0 - 1 3 173 251 22
2 0 -1 0 S04 679 10 8 0 -1 0 160 148 17
2 0 - 8 677 648 8 8 0 -8 406 370 6
2 0 6 503 451 9 8 0 2 360 422 7
2 0 7 531 415 11 8 0 3 571 557 6
2 0 9 266 208 24 8 0 5 145 118 22
2 0 10 373 354 20 8 0 6 300 357 13
2 0 10 373 354 20 8 0 a 427 425 14
4 0 -13 327 270 21 8 0 8 427 425 14
4 0 -1 2 228 175 24 10 0 -11 341 360 10
4 0 -1 2 228 175 24 10 0 -9 354 354 8
4 0 8 425 394 13 10 0 - 2 1249 1201 8
4 0 9 476 437 14 10 0 1 245 211 10
4 0 9 476 437 14 10 0 4 461 546 9
4 0 10 370 305 19 10 0 5 290 316 13
4 0 10 370 305 19 10 0 5 290 316 13
6 0 -1 3 396 389 14 10 0 7 278 254 17
e 0 -1 3 396 389 14 12 0 -1 4 397 523 12
e 0 -1 2 i a i 237 23 12 0 -1 4 397 523 12
e 0 -1 0 495 636 8 12 0 -13 273 294 I S
6 0 -8 1000 999 10 12 0 -13 273 294 15
6 o e 356 351 10 12 0 - 11 364 341 9
6 0 7 208 174 18 12 0 - 10 520 492 7
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
12 0 - 8 646 602 7 16 0 -4 321 277 10
12 0 - 2 213 235 11 16 0 -3 166 218 19
12 0 -1 410 425 7 16 0 - 3 166 218 19
12 0 0 587 569 6 16 0 - 1 417 41B 10
12 0 1 702 738 7 16 0 - 1 417 418 10
12 0 2 257 266 13 16 0 0 264 253 15
12 0 3 314 334 12 16 0 0 264 253 15
12 0 3 314 334 12 18 0--12 271 295 17
12 0 4 286 310 14 18 0--11 474 482 10
12 0 4 286 310 14 18 0 - 9 395 343 11
12 0 5 188 216 22 18 0 - 6 441 452 10
12 0 5 188 216 22 18 0 -6 441 452 10
14 0 -10 437 438 8 IS 0 -5 430 424 10
14 0 - 8 310 295 9 20 0 -6 319 267 15
14 0 - 4 163 190 16 1 1--12 277 212 30
14 0 - 3 375 342 8 1 1--11 411 358 19
14 0 0 514 468 8 1 1--11 411 358 19
14 0 2 184 151 20 1 1 - 7 624 513 9
16 0 -1 2 178 188 22 1 1 7 680 546 11
16 0--10 600 576 8 1 1 9 256 106 28
16 0--10 600 576 8 1 1 10 723 460 14
16 0 - 9 360 323 10 1 1 12 441 326 23
16 0 - 8 164 183 19 3 1--13 434 302 18
16 0 - 8 164 183 19 3 1 -13 434 302 18
16 0 - 7 146 117 20 3 1--12 424 381 17
16 0 - 7 146 117 20 3 1--11 B 6 0 715 10
16 0 -6 466 439 8 3 1--11 860 715 10
16 0 -6 466 439 8 3 1--10 203 178 23
16 0 -5 190 136 17 3 1 - 9 202 211 20
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TABLE A-4, cont'd.: Observed and Calculated Structure Factors
V a l u e s o f 10*Fobs  and  1 0 * F c a l c
H K L Fobs  F c a l c  S i gF H K L Fobs  F c a l c  S ig F
3 1 -8 962 1057 10 9 1 0 390 409 6
3 1 4 1139 1155 9 9 1 2 368 397 7
3 1 9 264 257 22 9 1 6 334 423 12
3 1 9 264 257 22 9 1 7 234 347 17
3 1 11 339 310 22 9 1 7 234 347 17
3 1 11 389 310 22 11 1 -13 163 260 24
5 1 -1 3 228 194 26 11 1 -10 260 249 12
5 1 - 13 228 194 26 11 1 - 8 153 180 15
5 1 - 1 2 462 442 12 11 1 -3 416 429 6
5 1 - 11 408 451 11 11 1 3 194 199 16
5 1 -1 0 185 303 18 11 1 3 194 199 16
5 1 - 8 180 275 14 11 1 6 239 28 B 18
5 1 4 527 588 6 13 1 -1 3 317 313 14
5 1 e 279 284 12 13 1 -13 317 313 14
S i a 302 401 16 13 1 -1 1 208 231 16
S 1 10 301 209 23 13 1 -11 208 231 16
7 . 1 -1 3 239 249 20 13 1 - 7 259 274 10
7 1 -1 3 239 249 20 13 1 - 3 141 179 16
7 1 -6 272 297 6 13 1 1 662 649 7
7 .1 3 218 208 11 13 1 1 662 649 7
7 1 4 255 299 11 13 1 2 416 424 10
7 1 S 292 309 11 13 1 2 416 424 10
7 1 7 317 408 13 13 1 3 227 213 16
7 1 7 317 408 13 13 1 3 227 213 16
7 1 8 281 310 17 15 1 -1 3 282 281 15
9 1 -1 2 554 682 9 15 1 -1 3 282 281 15
9 1 -1 2 554 682 9 15 1 -1 2 387 382 11
9 1 - 9 567 533 6 IS 1 - 11 267 278 14
9 1 - 8 1106 1092 9 15 1 - 10 441 429 9
a K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
15 1 -9 471 501 8 0 2 8 203 191 27
15 1 -6 223 193 12 0 2 9 1094 769 11
15 1 -3 649 611 7 0 2 9 1197 769 13
15 1 -3 649 611 7 0 2 10 216 133 30
15 1 -2 358 352 9 0 2 11 473 324 17
IS 1 -2 358 352 9 0 2 11 460 324 21
15 1 -1 358 322 10 0 2 12 255 190 32
15 1 -1 358 322 10 0 2 12 255 190 32
15 1 0 266 288 13 2 2 -13 242 175 35
15 1 2 378 392 12 2 2 -10 380 321 16
17 1 -11 224 231 17 2 2 -7 306 285 12
17 1 -8 202 201 16 2 2 6 875 830 9
17 l -a 202 201 16 2 2 7 183 116 28
17 1 -6 298 298 12 2 2 9 322 251 22
17 1 -6 298 298 12 2 2 10 491 360 17
17 1 - 5 164 119 20 2 2 10 491 360 17
17 1 - 5 164 119 20 4 2 -12 215 168 27
17 1 -4 158 146 22 4 2 -12 215 168 27
17 1 - 4 158 146 22 4 2 -11 139 112 25
17 1 0 195 183 22 4 2 -9 565 658 9
19 1 - 8 272 277 16 4 2 -6 681 749 7
19 1 - 8 272 277 16 4 2 6 325 423 11
19 1 - 6 227 202 19 4 2 7 255 264 15
19 1 -6 227 202 19 4 2 8 712 685 9
19 1 - 5 265 273 17 4 2 8 712 685 9
19 1 - 5 265 273 17 4 2 9 292 228 20
19 1 -4 170 142 24 4 2 10 269 219 26
19 1 -4 170 142 24 6 2-14 236 184 27
0 2 8 209 191 32 6 2-13 346 299 17
2
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TABLE A-4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
6 2-•13 346 299 17 12 2 - 10 711 713 7
6 2 - 9 581 691 7 12 2 - 9 370 345 8
6 2 -8 403 448 8 12 2 - 7 492 491 6
6 2 1 1309 1193 7 12 2 - 5 1073 1037 9
S 2 5 1068 1142 10 12 2 - 3 503 509 6
6 2 9 258 300 22 12 2 - 2 511 518 6
8 2-■14 216 263 26 12 2 0 160 193 16
8 2-■14 216 263 26 12 2 2 145 63 21
8 2-•12 186 196 19 12 2 2 145 63 21
8 2 - 9 637 672 7 12 2 4 403 433 10
8 2 - 8 334 280 8 12 2 4 408 433 10
8 2 - 7 722 687 7 12 2 5 202 256 20
8 2 -3 289 293 6 12 2 5 202 256 20
8 2 3 346 346 8 14 2-■13 257 323 IS
8 2 7 178 229 21 14 2-■13 257 323 IS
10 2-■15 213 252 27 14 2-■11 155 149 22
10 2 - 9 352 322 9 14 2-■11 155 149 22
10 2 - 6 381 865 9 14 2-■10 170 189 19
10 2 - 4 215 202 9 14 2 -10 170 189 19
10 2 - 2 726 739 8 14 2 - 6 237 177 11
10 2 - 1 216 171 10 14 2 -4 376 349 8
10 2 1 179 223 13 14 2 - 3 142 140 18
10 2 2 288 277 10 14 2 0 228 229 14
10 2 4 414 459 9 14 2 1 213 226 16
10 2 4 414 4S9 9 14 2 1 213 226 16
10 2 5 277 312 13 16 2-■12 263 277 17
12 2-■14 261 324 16 16 2 -1 2 263 277 17
12 2--11 576 547 8 16 2--11 201 204 19
12 2-■11 576 547 8 16 2--11 201 204 19
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F
16 2 -10 264 264 14 1 3 6 1129 886 12
16 2 -10 264 264 14 1 3 7 377 327 17
16 2 - 7 334 319 10 1 3 8 592 401 14
16 2 - 6 606 603 7 1 3 10 495 318 20
16 2 - 6 606 603 7 1 3 11 374 229 28
16 2 -4 265 226 12 1 3 11 374 229 28
16 2 -4 265 226 12 1 3 12 542 373 24
16 2 -3 191 203 17 1 3 12 542 373 24
16 2 -3 191 203 17 3 -13 367 313 22
16 2 -1 366 365 11 3 3 -11 469 361 14
18 2 -12 180 166 26 3 3 - 9 290 273 16
18 2 -12 180 166 26 3 3 -7 848 914 9
18 2 -11 303 257 14 3 3 5 208 210 12
18 2 -1 1 303 257 14 3 3 10 225 156 33
18 2 - 9 485 464 10 3 3 11 355 349 26
18 2 -9 485 464 10 5 3 -12 250 260 22
18 2 - 8 215 251 16 5 3 -12 250 260 22
18 2 - 6 251 258 15 5 3 -11 532 523 11
18 2 - 5 227 245 17 5 3 -11 532 523 11
18 2 - 5 227 245 17 5 3 -10 517 559 10
18 2 - 4 259 204 15 5 3 5 269 309 10
18 2 - 2 200 241 21 5 3 6 430 506 9
1 3 -12 412 356 20 5 3 7 245 333 15
1 3 -1 2 412 356 20 5 3 7 245 333 15
1 3 -10 240 185 25 7 3-13 249 245 21
1 3 -10 240 185 25 7 3-13 249 245 21
1 3 -8 582 434 11 7 3 -1 1 251 351 15
1 3 - 7 868 698 8 7 3 - 4 1082 983 8
1 3 - 5 282 193 12 7 3 2 1109 1034 9
2
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TABLE A—4, cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
1
H1
K L Fobs F c a l c S ig F H K L Fobs F e a l  c S igF
1 1 
7 3 4 175 174 14 11 3 6 177 227 24
7 3 5 421 428 8 13 3 -12 207 231 20
1 3 6 601 701 8 13 3 -12 207 231 20
3 6 601 701 8 13 3 -11 293 231 13
7 3 7 196 231 18 13 3 -11 293 231 13
9 3 -12 424 553 11 13 3 -10 279 266 13
9 3 -1 2 424 553 11 13 3 -1 0 279 266 13
9 3 -1 1 237 237 15 13 3 - 8 498 467 8
9 3 -1 0 208 243 16 13 3 - 7 316 293 9
9 3 -9 391 386 9 13 3 - 4 638 642 6
9 3 -8 819 799 8 13 3 - 2 653 625 7
9 3 -6 1341 1220 9 ■ 13 3 0 355 378 9
9 3 - 1 794 775 8 13 3 0 355 378 9
9 3 0 529 539 5 13 3 1 266 317 12
9 3 3 784 788 8 13 3 1 266 317 12
9 3 4 146 90 19 13 3 2 215 197 16
9 3 6 248 284 15 13 3 3 257 237 15
11 3 -1 1 487 507 9 13 3 3 257 237 IS
11 3 -11 487 507 9 15 3 -13 337 382 16
11 3 -9 161 43 18 15 3 -1 2 361 409 13
11 3 -8 323 295 9 15 3 -1 2 361 409 13
11 3 - 7 547 547 6 15 3 - 9 263 242 13
11 3 -6 545 573 6 15 3 -9 263 242 13
11 3 - 2 689 671 7 15 3 - 7 791 771 a
11 3 - 1 174 253 13 15 3 - 7 791 771 8
11 3 1 307 295 9 15 3 - 6 337 307 10
11 3 2 301 314 10 15 3 - 6 337 307 10
11 3 3 202 210 16 15 3 - 4 401 392 9
11 3 3 202 210 16 15 3 - 4 401 392 9
i
H K L Fobs  F c a l c  S ig F H K L Fobs  F c a l c  S i g F
15 3 -3 577 588 7 2 4 -9 447 401 14
15 3 -2 252 253 13 2 4 7 280 265 17
15 3 -2 252 253 13 2 4 10 331 270 27
15 3 -1 201 226 17 2 4 10 331 270 27
15 3 2 366 385 12 4 4 -11 ’ 247 262 23
17 3 -1 0 265 239 15 4 4 - 7 400 497 9
17 3 -1 0 265 239 15 4 4 4 924 964 9
17 3 - a 266 252 14 4 4 5 255 335 10
17 3 - 8 266 252 14 4 4 6 179 277 16
17 3 - 2 174 158 22 4 4 7 201 332 18
17 3 - 2 174 158 22 4 4 8 400 487 12
19 3 - 9 272 244 17 4 4 9 312 250 18
19 3 -9 272 244 17 4 4 10 247 286 30
19 3 -8 367 360 13 4 4 10 247 286 30
19 3 -8 ■367 360 13 6 4 -13 330 325 20
0 4 6 925 924 9 6 4 -13 330 325 20
0 4 6 1157 925 11 6 4 -11 177 201 24
0 4 7 275 152 18 6 4 -11 177 201 24
0 4 8 212 105 25 6 4 -10 668 764 8
0 4 10 215 175 29 6 4 -8 524 620 8
0 4 10 215 175 29 6 4 - 7 314 351 10
0 4 11 318 265 23 6 4 -3 411 404 5
0 4 11 379 265 28 6 4 2 520 512 5
0 4 11 318 265 23 6 4 4 200 257 12
0 4 11 379 265 28 6 4 6 218 273 15
2 4 -1 2 354 265 21 6 4 6 218 273 15
2 4 -1 2 354 265 21 6 4 8 175 264 22
2 4 -1 0 528 430 13 6 4 9 250 326 21
2 4 - 10 528 430 13 8 4 -14 220 243 28
K)
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TABLE A—4 , cont'd.: Observed and Calculated Structure Factors
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S igF
8 4 -1 4 220 243 28 12 4 -10 533 564 9
8 4 -1 3 251 237 21 12 4 -8 570 536 7
8 4 -13 251 237 21 12 4 - 7 458 424 8
8 4 - a 320 268 10 12 4 - 2 306 347 9
a 4 - 6 346 355 8 12 4 0 357 403 9
a 4 - 5 659 657 7 12 4 1 458 461 8
8 4 -4 981 979 9 12 4 3 167 210 21
8 4 - 2 300 300 7 12 4 4 288 330 14
8 . 4 - 1 378 385 6 12 4 4 288 330 14
a 4 0 684 653 7 14 4 -13 208 200 24
8 4 2 337 303 8 14 4 -10 209 269 19
8 4 3 212 206 12 14 4 -10 209 269 19
8 4 5 143 169 21 14 4 - 9 215 189 17
10 4 -11 389 410 11 14 4 - a 290 250 12
10 4 -1 1 389 410 11 14 4 - 4 427 402 8
10 4 - 9 389 383 10 14 4 -3 195 244 15
10 4 - 7 450 490 8 14 4 -3 195 244 15
10 4 -2 898 923 9 14 4 - 2 196 172 15
10 4 0 694 677 7 14 4 0 267 282 13
10 4 3 405 442 9 14 4 0 267 282 13
10 4 3 405 442 9 14 4 1 174 167 20
10 4 4 382 412 10 14 4 1 174 167 20
10 4 4 382 412 10 14 4 2 169 171 24
10 4 5 305 279 13 14 4 2 169 171 24
10 4 5 305 279 13 16 4 -10 236 246 18
12 4 -14 277 338 18 16 4 - 8 173 185 22
12 4 -1 1 385 402 12 16 4 - 7 152 168 23
12 4 -1 1 385 402 12 16 4 - 7 152 168 23
12 4 -1 0 533 564 9 16 4 -6 433 417 9
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
16 4 -6 433 417 9 3 5 -1 2 226 261 32
16 4 - 5 185 162 18 3 5 -1 1 663 549 12
16 4 - 4 245 239 14 3 5 -11 663 549 12
16 4 - 4 245 239 14 3 5 -10 207 162 26
16 4 - 3 180 183 19 3 5 -10 207 162 26
16 4 - 3 180 183 19 3 5 -9 223 226 23
16 4 - 1 367 381 12 3 5 -5 634 719 7
16 4 - 1 367 381 12 3 5 5 459 417 7
18 4 -1 1 184 221 27 3 5 7 522 602 9
18 4 -1 1 184 221 27 5 5 -12 358 329 18
18 4 - 9 311 296 15 5 5 -10 175 175 26
18 4 - 9 311 296 15 5 5 -10 175 175 26
18 4 - 8 201 193 21 5 5 -9 274 303 16
18 4 - 8 201 193 21 5 5 -8 226 228 16
18 4 -6 278 290 15 5 5 -6 238 284 13
18 4 - 6 278 290 15 5 5 - 5 572 555 7
IS 4 - 5 322 297 14 5 5 2 672 569 7
IS 4 - 5 322 297 14 5 5 3 471 449 6
18 4 - 3 173 132 24 5 5 8 273 344 14
1 5 -11 323 290 21 5 5 8 273 344 14
1 5 -1 1 323 290 21 7 5 -7 651 679 7
1 5 - 9 249 192 24 7 5 -5 781 658 8
1 5 - 9 249 192 24 7 5 -4 249 299 11
1 5 -a 611 483 12 7 5 - 2 694 647 7
1 5 - 7 560 456 11 7 5 - 1 422 383 6
1 5 1 1611 1682 13 7 5 0 660 641 6
1 5 6 958 928 11 7 5 1 209 160 11
1 5 10 512 372 22 7 5 2 1038 1008 10
3 5 -1 2 226 261 32 7 5 3 166 93 15
to
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to
TABLE A - 4 , c o n t ' d . :  O b s e r v e d  and C a l c u l a t e d  S t r u c t u r e  F a c t o r s ,
V a l u e s  o f 10*Fobs  and  1 0 * F c a l c
H K L Fobs  F c a l c  S i g F  H K L Fobs  F c a l c  S i gF
7 5 6 293 316 12 13 5 - 2 317 338 10
7 5 7 328 373 12 13 5 - 2 317 338 10
9 5 - 12 391 486 13 13 5 1 399 398 10
9 5 - 12 391 486 13 13 5 1 399 39S 10
9 5- 11 243 246 16 13 5 2 302 304 13
9 5 - 11 243 246 16 15 5 -11 236 248 20
9 5 - 9 491 463 9 15 5 -1 1 236 248 20
9 5 - 7 201 220 15 15 5 -10 343 347 14
9 5 - 5 211 160 13 15 5 -10 343 347 14
9 5 - 1 372 396 7 15 5 -9 441 426 11
9 5 3 623 626 7 15 5 - 9 441 426 11
9 5 4 153 164 20 15 5 - 7 494 459 9
9 5 4 153 164 20 15 5 - 7 494 459 9
9 5 6 291 317 15 15 5 - 5 176 142 19
11 5 - 13 197 253 24 IS 5 -4 332 360 11
11 5 - 13 197 253 24 15 5 -3 374 374 10
11 5 -1 1 266 265 16 15 5 -3 374 374 10
11 5 -1 1 266 265 16 15 5 -2 240 215 15
11 5 - 9 183 153 20 15 5 - 2 240 215 15
11 5 - e 274 287 13 IS 5 - 1 268 266 14
11 5 - 7 2B4 262 12 15 5 -1 268 266 14
11 5 - 6 605 521 7 15 5 0 176 206 22
11 5 - 1 365 324 8 15 5 1 191 166 22
11 5 2 412 403 9 17 5 -6 175 177 23
11 5 2 412 408 9 17 5 -4 190 161 21
13 5 - 9 171 105 22 0 6 2 359 477 13
13 5 - 8 508 471 9 0 6 3 512 495 10
13 5 - 8 508 471 9 0 6 3 547 495 9
5 - 4 626 601 7 0 6 7 150 137 19
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
0 6 7 187 137 27 4 6 -9 218 233 22
0 6 8 200 118 28 4 6 -6 218 270 16
0 6 8 200 118 28 4 6 -4 211 248 15
0 6 9 758 607 13 4 6 -3 269 216 12
0 6 9 675 607 12 4 6 - 2 432 436 8
0 6 9 675 607 12 4 6 - 1 866 753 8
0 6 9 758 607 13 4 6 0 454 406 8
0 6 10 344 242 28 4 6 3 390 394 8
0 6 10 295 242 22 4 6 5 351 310 8
0 6 10 295 242 22 4 6 8 254 358 16
0 6 10 344 242 28 4 6 8 254 358 16
0 6 11 252 156 29 6 6--10 580 582 10
2 6--11 283 228 23 6 6 -8 382 471 11
2 6--11 283 228 23 6 6 -6 771 604 8
2 6--10 388 376 16 6 6 -3 157 199 18
2 6--10 388 376 16 6 6 1 578 575 6
2 6 - 9 435 354 15 6 6 2 504 461 6
2 6 -9 435 354 15 6 6 3 639 647 6
2 6 - 4 175 145 21 6 6 5 571 608 7
2 6 - 3 507 621 9 6 6 8 170 238 24
2 6 1 663 694 8 8 6--13 233 257 27
2 6 4 364 396 10 8 6 -13 233 257 27
2 6 6 429 459 7 a 6 -9 437 491 10
2 6 10 254 115 38 8 6 -8 209 318 19
2 6 10 254 115 38 8 6 - 7 222 224 16
4 6--11 260 247 23 8 6 - 5 437 403 9
4 6--10 309 248 17 8 6 -3 367 360 8
4 6--10 309 248 17 8 6 -2 318 375 9
4 6 - 9 218 233 22 8 6 -1 292 254 9
25
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TABLE A-4 , cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fca l c S ig F
8 6 1 132 94 19
8 6 3 163 153 17
8 6 3 163 153 17
8 6 4 240 222 13
10 6--11 284 344 15
10 6--11 284 344 IS
10 € - 9 257 266 16
10 6 -9 257 266 16
10 6 - 7 342 310 11
10 6 - 5 326 346 11
10 6 - 4 293 283 11
10 6 - 3 337 348 9
10 6 2 256 274 13
10 6 2 256 274 13
10 6 3 348 324 11
10 6 3 348 324 11
10 6 4 307 302 13
10 6 5 169 212 24
10 6 5 169 212 24
12 6--11 203 201 22
12 6--10 369 333 13
12 6 - 9 361 344 13
12 6 - 9 361 344 13
12 6 - 8 407 389 11
12 6 - 7 343 288 11
12 6 - 7 343 288 11
12 6 - 5 796 730 a
12 6 -4 355 357 10
12 6 - 3 200 152 15
H K L Fobs  F c a l c  S i gF
12 6 - 3 200 152 15
12 6 - 2 215 235 14
12 6 - 1 506 541 8
12 6 - 1 506 541 8
12 6 0 267 277 13
12 6 0 267 277 13
12 6 1 395 387 10
12 6 1 395 387 10
12 6 2 191 206 19
14 6 -1 0 218 207 20
14 6 - 9 291 265 16
14 6 - 9 291 265 16
14 6 - 8 219 219 19
14 6 -a 219 219 19
14 6 - 4 359 346 11
14 6 - 4 359 346 11
14 6 0 191 224 20
16 6 -1 0 281 298 19
16 6 - 9 189 160 26
16 6 - 9 189 160 26
16 6 - 6 293 287 14
16 6 - 6 293 287 14
16 6 - 4 177 198 23
16 6 - 4 177 198 23
16 6 - 2 197 171 21
16 6 - 2 197 171 21
1 7 - 9 233 205 27
1 7 - 9 233 205 27
1 7 -8 223 190 26
H K h Fobs F c a l c S igF H K L Fobs F c a l c S igF
1 7 -4 426 432 12 5 7 -4 201 95 17
1 7 -3 828 872 3 5 7 -3 362 301 11
1 7 0 295 447 15 5 7 -2 436 402 10
1 7 4 366 289 18 5 7 -1 472 457 9
1 7 5 669 486 13 5 7 1 357 346 10
1 7 8 384 278 26 5 7 2 226 205 14
1 7 8 384 278 26 5 7 3 241 213 13
1 7 10 345 220 37 5 7 4 471 438 8
3 7 -11 306 242 22 5 7 4 471 438 8
3 7 -10 242 232 24 5 7 6 298 360 12
7 -10 242 232 24 7 7 -9 322 388 13
3 7 -8 669 552 10 7 7 -9 322 388 13
3 7 -8 669 552 10 7 7 -8 193 277 20
3 7 - 7 657 565 10 7 7 - 7 245 295 15
3 7 -5 357 427 12 7 7 -3 907 833 9
3 7 -4 440 604 10 7 7 0 378 353 9
3 7 2 922 890 9 7 7 2 613 632 7
3 7 4 376 372 10 7 7 3 161 162 19
3 7 5 255 217 13 7 7 3 161 162 19
3 7 6 159 126 18 7 7 5 156 200 22
3 7 7 600 651 8 7 7 5 156 200 22
5 7-11 253 278 25 7 7 6 351 397 12
5 7 -1 0 331 344 17 7 7 6 351 397 12
5 7 -10 331 344 17 9 7 -12 263 333 22
5 7 - 9 190 160 25 9 7 -12 263 333 22
5 7 - 8 247 235 18 9 7 -9 266 280 17
5 7 - 8 247 235 18 9 7 -8 378 380 13
5 7 - 6 208 222 16 9 7 - 7 444 429 10
5 7 - 5 678 781 8 9 7 - 5 395 352 11
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TABLE A-4, cont'd.: Observed and Calculated Structure Factors,
V a l u e s o f 10*Fobs  and  1 0 * F c a l c
H K L Fobs  F c a l c  S igF H K L Fobs  F c a l c  S ig F
9 7 - 4 36 9 265 10 13 7 - 7 184 204 24
9 7 - 3 71 0 669 7 13 7 - 7 184 204 24
9 7 - 2 3 3 2 342 10 13 7 - 5 168 146 23
9 7 1 44 4 424 8 13 7 - 4 299 326 14
9 7 1 444 424 8 13 7 - 3 197 185 18
9 7 3 352 36 0 11 13 7 - 3 197 18 5 18
9 7 3 352 36 0 11 13 7 - 2 349 375 11
9 7 5 1 6 5 14 3 23 13 7 - 2 349 375 11
9 7 5 165 143 23 13 7 0 261 204 16
11 7 - 1 1 228 275 20 13 7 1 17 5 194 23
11 7 - 1 1 228 275 20 13 7 1 175 194 23
11 7 - a 214 223 21 15 7 - 7 44 9 404 12
7 - 8 214 223 21 15 7 - 4 184 221 23
11 7 - 7 1 7 9 138 22 15 7 - 4 184 221 23
11 7 - 6 210 202 18 15 7 - 3 251 264 17
11 7 - 6 21 0 202 18 15 7 - 3 251 264 17
11 7 - S 19 7 162 18 0 8 2 4 86 581 12
11 7 - 5 19 7 162 18 0 8 2 512 581 11
7 - 4 266 262 13 0 a 4 686 661 11
7 - 4 26 6 262 13 0 8 4 679 661 10
: * i i 7 - 2 51 0 442 8 0 8 6 460 368 13
7 1 27 0 242 13 0 8 6 389 367 17
i i 7 2 190 183 19 0 8 6 339 367 17
i i 7 2 190 183 19 0 3 7 199 112 28
i 13 7 - 1 0 21 9 178 22 0 8 7 199 112 28
13 7 - 9 206 17 5 24 0 a 9 309 301 22
13 7 - 9 206 17 5 24 0 8 9 240 301 17
13 7 - a 271 27 2 13 0 3 9 309 301 22
13 7 - 8 271 272 18 2 8 - 9 383 336 17
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S igF
2 8 - 9 383 336 17 6 8 - 3 284 258 14
2 8 - 8 378 35 5 17 6 8 - 2 249 160 15
2 8 - 8 378 35 5 17 6 8 - 1 617 585 8
2 8 - 7 191 159 27 6 8 0 458 436 10
2 8 - 7 191 159 27 6 8 1 344 309 11
2 8 - 5 423 383 13 6 8 2 176 139 20
2 8 0 336 408 15 6 8 2 176 189 20
2 8 2 280 285 18 6 8 3 276 250 13
2 8 6 298 34 5 17 6 8 3 276 250 13
2 8 6 298 345 17 6 8 4 179 175 19
4 8 - 9 300 33 8 20 6 8 4 179 175 19
4 8 - 9 300 33 8 20 6 8 5 542 563 3
4 8 - 8 207 219 25 6 8 5 542 563 8
4 8 - 8 207 21 9 25 8 a - 9 216 259 20
4 8 - 7 395 359 13 8 8 - 9 216 259 20
4 8 - 5 238 333 17 8 8 - 7 264 266 16
4 8 - 3 257 241 15 8 8 - 7 264 266 16
4 8 2 408 397 11 8 a - 6 322 296 13
4 8 3 391 375 11 8 8 - 5 4 7 7 4 57 10
4 8 4 369 3 5 8 11 8 8 - 5 4 7 7 4 57 10
4 8 6 277 282 13 8 8 - 2 193 138 20
4 8 6 277 282 13 8 3 0 4 1 7 416 10
4 8 7 182 213 21 8 8 3 170 90 21
6 8 - 1 0 497 498 13 8 8 4 190 2 14 19
6 8 - 1 0 497 498 13 10 8 - 7 216 14 6 21
6 8 - 9 340 349 16 10 8 - 6 397 3 87 12
6 8 - 9 340 349 16 10 8 - 6 3 9 7 3 8 7 12
6 8 - 7 195 164 20 10 8 - 5 423 387 11
6 8 - 6 261 289 16 10 8 - 5 423 387 11
2
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TABLE A-4, cont'd.: Observed and Calculated Structure Factors,
V a l u e s o f 10*Fobs  and  1 0 * F c a l c
H K L Fobs  F c a l c  S i gF H K L Fobs  F c a l c  S ig F
10 3 - 3 176 133 21 1 9 - 3 357 427 15
10 8 - 2 220 236 17 1 9 2 202 304 31
10 8 - 1 171 202 22 1 9 3 352 330 21
10 S 0 443 427 10 1 9 3 352 330 21
10 8 0 443 427 10 1 9 5 257 105 32
10 8 1 176 145 21 1 9 5 257 105 32
10 8 2 181 175 21 1 9 6 492 383 21
12 8 -1 0 274 286 20 1 9 6 492 383 21
12 8 -1 0 274 286 20 1 9 7 265 156 39
12 8 - 8 228 221 22 1 9 7 265 156 39
12 8 - 8 228 221 22 3 9 -9 260 181 25
12 8 - 7 207 216 22 3 9 -8 418 392 16
12 8 - 7 207 216 22 3 9 - 8 418 392 16
12 8 - 6 177 121 24 3 9 - 7 240 259 23
12 8 - 6 177 121 24 3 9 - 7 240 259 23
12 8 - 5 475 391 11 3 9 - 6 357 328 15
12 8 - 5 475 391 11 3 9 - 6 357 328 15
12 8 - 4 165 144 25 3 9 - 5 219 244 22
12 8 - 4 165 144 25 3 9 - 4 297 328 16
12 8 - 3 232 223 18 3 9 - 4 297 328 16
12 8 - 3 232 223 18 3 9 1 414 493 14
12 8 - 2 361 349 12 3 9 2 383 448 15
12 8 - 1 443 455 10 3 9 2 388 443 15
12 8 1 170 162 24 3 9 3 371 448 14
14 8 - 8 237 202 24 3 9 3 371 448 14
14 8 -4 220 228 21 3 9 4 262 274 21
1 9 - 8 206 185 29 3 9 4 262 274 21
1 9 - 4 299 320 18 3 9 5 214 183 23
1 9 -4 299 320 18 3 9 5 214 183 23
H K L Fobs F c a l c S ig F H K L Fobs F c a l c S ig F
3 9 7 286 336 16 9 9 -8 298 320 17
5 9-■10 238 168 25 9 9 -6 383 369 13
5 9 - 7 355 374 15 9 9 -5 302 253 16
5 9 - 5 227 270 19 9 9 -3 579 522 10
5 9 -4 233 270 18 9 9 -2 307 247 15
5 9 -4 233 270 18 9 9 -2 307 247 15
5 9 -3 193 229 21 9 9 -1 250 221 17
5 9 - 2 287 248 16 9 9 -1 250 221 17
5 9 - 2 287 248 16 9 9 0 261 251 16
5 9 - 1 279 254 16 9 9 0 261 251 16
5 9 -1 279 254 16 9 9 1 273 279 16
5 9 0 291 307 16 9 9 1 273 279 16
5 9 0 291 307 16 9 9 3 238 278 19
5 9 2 226 171 19 11 9 - 6 265 273 20
5 9 2 226 171 19 11 9 - 6 265 273 20
5 9 5 177 208 23 11 9 - 2 279 228 16
5 9 5 177 208 23 11 9 - 2 279 228 16
7 9 - 7 248 251 18 11 9 - 1 184 199 24
7 9 - 5 334 337 14 11 9 - 1 184 199 24
7 9 - 5 334 337 14 11 9 0 203 107 21
7 9 -4 358 322 13 13 9 - 4 309 245 17
7 9 - 4 358 322 13 0 10 0 591 733 12
7 9 - 3 348 346 13 0 10 0 591 733 12
7 9 - 3 348 346 13 0 10 3 221 216 22
7 9 -2 201 226 22 0 10 3 255 216 24
7 9 0 289 275 15 0 10 3 255 216 24
7 9 0 289 275 15 0 10 3 221 216 22
7 9 1 188 147 23 0 10 4 235 266 23
7 9 2 315 337 14 0 10 4 235 266 23
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TABLE a -4, cont'd.: Observed and Calculated Structure Factors,
Values of 10*Fobs and 10*Fcalc
H K L Fobs F c a l c S igF H K L Fobs F c a l c S ig F
0 10 4 277 266 26 6 10 1 348 311 16
0 10 5 370 341 17 6 10 2 238 210 21
0 10 5 414 341 20 6 10 3 233 211 22
0 10 6 351 281 25 8 10 -4 344 287 16
0 10 e 321 281 19 8 10 - 3 274 238 19
0 10 6 321 281 19 8 10 - 3 274 238 19
2 10 - 5 285 269 21 10 10 - 4 234 139 23
2 10 - 3 393 416 14 10 10 -4 234 189 23
2 10 -2 177 207 24 10 10 -3 188 171 28
2 10 -2 177 207 24 10 10 - 2 372 300 15
2 10 2 412 333 17 1 11 1 251 328 27
2 10 2 412 333 17 3 11 - 6 214 226 28
2 10 4 325 209 25 3 11 - 6 214 226 28
2 10 5 363 268 25 3 11 - 5 244 226 25
4 10 - 5 252 322 20 3 11 - 5 244 226 25
4 10 - 5 252 322 20 3 11 - 2 271 372 20
4 10 -3 186 178 22 3 11 1 198 204 28
4 10 -3 186 178 22 3 11 3 239 270 32
4 10 - 1 401 414 14 3 11 3 239 270 32
4 10 - 1 401 414 14 3 11 4 262 293 30
4 10 4 367 400 16 5 11 2 241 226 25
6 10 -0 253 259 23 7 11 - 2 203 165 27
6 10 - 0 253 259 23 7 11 0 229 165 24
6 10 - 7 262 259 19 7 11 0 229 165 24
S 10 - 6 352 399 15
6 10 - 6 352 399 15
6 10 - 4 340 386 15
6 10 -4 340 386 15
6 10 - 1 426 383 13
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FIGURE A - l : [ (en)2Co*/u(Br,OH) *Co(en)2 ]Br4
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TABLE A - 5 : Bond Distances in Angstroms
[ (enJjCo**i(Br ,0H) -Coten^lBr^
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
Co Brl 2.411(5) N2 C2 1.67(4)
Co 01 1.83(3) N3 C3 1.74(5)
Co - N2 1.96(3) N4 C4 1.49(2)
Co N3 1.95(2) N5 C5 1.49(4)
Co N4 1.97(3) C2 C5 1.40(5)
Co N5 2.00(3) C3 C4 1.41(4)
Numbers in parentheses are estimated standard 
deviations in the least significant digits.
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TABLE A - 6 : Bond Angles in Degrees
[ (en)2Co-Jw(Br,OH) •Co(en)2 JBr4
Atom 1 Atom 2 Atom 3 Angle
Brl Co 01 81.2(8)
Brl Co N2 50.7(7)
Brl Co N3 101.8(7)
Brl Co N4 136.1(9)
Brl Co N5 134.5(8)
01 Co N2 122.9(9)
01 Co N3 132.(1)
01 Co N4 65.(1)
01 Co N5 118.(1)
N2 Co N3 91.(1)
N2 Co N4 172.2(8)
N2 Co N5 87.(1)
N3 Co N4 84. (1)
N3 Co N5 94(1)
N4 Co N5 88. (1)
Co N2 C2 102. (2)
Co N3 C3 102.(2)
Co N4 C4 108.(2)
Co N5 C5 106.(1)
N2 C2 C5 103.(3)
N3 C3 C4 98.(3)
N4 C4 C3 96.(2)
N5 C5 C2 97.(2)
Numbers in parentheses are estimated standard 
deviations in the least significant digits.
APPENDIX B 
An Analysis Method for 
Iron Tellurium Oxides 
With Potential as Catalysts
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INTRODUCTION
Catalytic selective oxidation processes play an
important role in industrial-level production of many
chemicals. Among these, butadiene and acrolein are
produced by oxidation of butene and propylene,
respectively. A large fraction of the catalysts for these
51two oxidation processes contain tellurium.
Several years ago, Dr. Geoffrey Price of the
Chemical Engineering Department at Louisiana State
University began investigation of a novel selective
oxidation system, composed of iron, tellurium, and oxygen.
52 53Preliminary studies ' indicated an active and selective 
catalyst for the partial oxidations of 1-butene to 
butadiene and propylene to acrolein. The powdered 
material was tentatively identified as a mixture of 
Fe2TeOg and Te02 , possibly containing other minor 
component phases.
In accordance with the aim of developing materials
with better, more selective catalytic activity, an
analytical method was devised to characterize
newly-synthesized potential iron tellurium oxide
catalysts. Several properties have possible influence on
54catalytic activity; among them are bulk elemental 
fractional composition, phases present in the bulk and on
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the surface, surface appearance, and surface elemental 
composition. In order to obtain as much information as 
possible about these properties, a multi-step procedure 
was employed, which utilized the following techniques:
1) Xray Fluorescence (XRF) - bulk quantitative 
analysis for iron and tellurium; detection of 
contaminants.
2) Xray Powder Diffraction (XRD) - identification 
of phases in bulk samples.
3) Scanning Electron Microscopy (SEM) - surface 
appearance and semiquantitative analysis.
4) Xray Photoelectron Spectroscopy (XPS or ESCA) - 
surface phase identification and surface 
quantitative analysis.
The instrumental methods listed were chosen on the
bases of their availability and their non-destructive
nature. Detailed discussions of the techniques may be
55-57found in several texts. Since determination of the
particular phases in each sample was desired and sample 
sizes were limited, no sample manipulation which could 
possibly alter a phase was attempted.
Dow Chemical Company in Plaqueraine, Louisiana 
generously provided use of their analytical instrumen­
tation for the duration of the project.
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EXPERIMENTAL AND RESULTS
Several previously produced and tested iron tellurium 
oxide catalysts were selected for development of the 
analytical method (table B-l). These samples encompassed 
various starting materials and synthetic conditions. Only 
one of the samples, E13-3, had demonstrated significant 
catalytic activity and selectivity.
A. Bulk quantitative metal composition for each 
sample was obtained via xray fluorescence analysis. In 
order to closely approximate the matrices of the catalyst 
samples, a series of standards containing precisely 
measured quantities of Fe203 and Te 0 2  was produced, and 
molar compositions as well as Fe:Te molar ratios 
determined. Each powdered sample and standard was 
thoroughly mixed and sieved through a 200-mesh screen 
(again to minimize matrix differences), and 2.500 g was 
placed into an analysis cup. Initial scans from 0° to 
110° revealed no discernable peaks other than those due to 
iron, tellurium, and the chromium xray tube source. Then, 
each sample was subjected to the following analysis 
conditions:
instrument: Phillips PW - 140
power source: 20 KV, 5 mA, Cr tube
analyzing crystal: PET
analysis settings: 25.4° (F e ), 44.0° (Te)
antechamber, analysis chamber times: 1 min each
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He purge time: 1 min
counting time: 20 sec
Quantitative results are shown in figures B-l and 
B-2, and listed in table B - 2 . The lower correlation 
coefficient of linear least squares fit for tellurium 
analysis {0.979, as opposed to that for iron analysis of 
0.999) could probably be improved with longer counting 
time at 44.0°.
B. Xray powder diffraction was employed to elucidate 
the phases present in the powder samples. Each sample was 
placed on a planchette and into a Rigaku powder 
diffractometer. Operating conditions were as follows:
instrument: Rigaku DMAX
20 scan range: 10.000° to 80.000°
step size: 0.004°
count time: 2.00 sec
total analysis time: approximately 11 hr
Powder patterns for each of the six samples are 
shown, together with standard patterns of identified 
phases, in figures B-3 through B-8. Phase assignment 
results are summarized in table B-3.
C. SEM surface images of an unsieved portion of each 
sample were taken at magnifications ranging from 1000 X to 
10000 X, with a Cambridge StereoScan 200 instrument. 
Although the samples were clearly seen to be quite 
heterogeneous, no striking features were visible.
2 6 6
D. Surface analyses of all samples (except E18-2) 
were attempted via xray photoelectron spectroscopy, using 
a Hewlett-Packard instrument with Surface Science software. 
For each sample, a survey scan of binding energy range 0 
to 1100 eV (based on the C Is peak at 224.0 eV) was made, 
followed by a detailed scan of each peak region. 
Deconvolution of peaks Te 3d5, Fe 2p3, and O Is were 
accomplished in an attempt to gain information concerning 
surface oxidation states and local chemical environments. 
Finally, calculation of atom percent composition on the 
surface was performed in each case.
XPS (ESCA) survey spectra for five samples are shown 
in figures B-9 through B-13. Tables B-4 through B-8 
display surface composition results.
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DISCUSSION
The active catalyst sample (E13-3) was found to be 
different in several ways from most of the inactive 
materials. First, bulk analysis revealed proportionally 
less iron in it {Fe:Te = 11.5 : 88.5) than in the other 
samples. Second, the phase analyses revealed it to be the 
only sample with a detectable amount of Fe 2 TeOg, the phase 
initially thought responsible for catalytic activity. No 
other Fe-Te-0 phases were identified in any sample.
Third, although it contained less iron overall than the 
other samples, a larger proportion of available iron 
seemed to be on the surface than in most of the other 
samples.
Thus, the method developed for analysis of mixed 
iron-tellurium oxides did reveal differences in the 
materials. Confirmation of results with different but 
comparable analytical methods would be of use in order to 
determine their validity. Further analyses for this 
project have been postponed in order to allow more time 
for development of synthetic methods, since all samples 
analyzed subsequently to those presented herein were 
determined to be mixtures of starting materials.
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TABLE B-l: Catalyst Samples Selected to Test
Method of Analysis
Sample Number Method of Preparation
E9-2 FeO + Te02 (400°C, air)
E9-3 FeO + H2Te04 (400°C, air)
Ell-2 Fe(OH)2 + Te02 (400°C, vac)
E12-2 Fe2°3 + Te02 (400°C, air)
El3-3 Fe(OH)2 + Te02 (400°C, air)
E18-2 unknown
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FIGURE B-l: Quantitative Determination of Iron by XRF
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FIGURE B-2: Quantitative Determination of Tellurium by XRF
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TABLE B-2: Analysis Results, Bulk Composition
Sample Iron Tellurium Fe:Te
Net Counts Net Counts Molar Ratio
Standards:
1
2
3
4
5
6
7
8 
9
0
34165
53421
72766
90260
110305
128577
152649
190225
9526
7048
5578
4657
3689
2868
2253
1313
0
0:100 
20:80 
30:70 
40:60 
50: 50 
60:40 
70:30 
80:20 
100:0
Samples:
E9-2
E9-3
Ell-2
E12-2
E13-3
E18-2
35974
42317
53778
46989
18353
78868
6276
5697
5464
6237
7548
4050
21.82:78.18 
26.24:73.76 
31.61:68.39 
26.53:73.47 
11.54:88.46 
46.46:53.54
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FIGURE B-3: Phase Identification by XRD, E9-2
273
27.59
680 -
E9-3
45.08
T-
02.58
 1
se.ee
Fe2°3
10 00
i---— —  — —I -- — ■-- "r---— —
27.58 45.08 02.58 88.60
888
388
180
8
88.88
TeO-
FIGURE B - 4 : Phase Identification by XRD, E9-3
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FIGURE B- 5 : Phase Identification by XRD, Ell-2
275
2ee -
iea ■ 
168 - 
148 
188 
iee 
88 - 
68 - 
48 " 
28
E12-2
18.88 2 7 .S8 45.88
 1--
62.58
 1
88.88
609
88.882 7 .58
888
588
380
8
02 .58 68 0018.08
TeO,
Fe2o 3
FIGURE B- 6 : Phase Identification by XRD, E12-2
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FIGURE B - 7 : Phase Identification by XRD, E13-3
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FIGURE B-8: Phase Identification by X R D , E18-2
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TABLE B-3: Analysis Results, Phases Identified
Sample Fe2TeOg Fe2°3 Te02
E9-2 XXX XXX
E9-3 XXX XXX
Ell-2 XXX XXX
El2-2 XXX XXX
El3-3 XXX XXX
El8-2 XXX XXX
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FIGURE B-9: Surface Analysis by XPS (ESCA), E9-2 2
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FIGURE B-10: Surface Analysis by XPS (ESCA), E9-3
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TABLE B-4 : Surface Composition, E9-2
(FeO + Te02 )
Element Binding Atom
Energy, eV Per Cent
Te 3d5 573.4 5.02
Te 3d5 575.2 1.10
Fe 2p3 708.8 0.67
0 Is 527.4 8.64
0 Is 528.7 9.94
0 Is 530.8 9.14
c Is 281.7 40.70
c Is 283.0 18.63
c Is 285. 4 6.15
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TABLE B-5: Surface Composition, E9-3
(FeO + H2Te04 )
Element Binding Atom
Energy, eV Per Cent
Te 3d5 570.7 0.29
Te 3d5 573.6 5.05
Te 3d5 575.2 0.44
Fe 2p3 708.8 0.98
0 Is 527.7 11.85
0 Is 529.3 11.46
0 Is 531.0 4.93
C Is 282.3 44.16
C Is 283.6 14.93
C Is 285.9 5.91
TABLE B-6: Surface Composition, Ell-2
(Fe(OH)2 + Te02 )
Element Binding Atom
Energy, eV Per Cent
Te 3d5 574.4 9.61
Te 3d5 572.5 0.02
Fe 2p3 710.6 3.82
Fe 2p3 708.7 0.50
0 Is 528.3 54 .03
0 Is 530.0 1.17
C Is 283.0 26.52
c Is 284.7 0.28
c Is 286.6 0.15
Na Is 1069.8 3.90
TABLE B-7: Surface Composition, E12-2
(Fe203 + Te02 )
Element Binding Atom
Energy, eV Per Cent
Te 3d5 574.6 13.13
Te 3d5 572.4 0.32
Fe 2p3 709.4 4.41
Fe 2p3 711.3 0.67
Fe 2p3 712.7 0.27
0 Is 528.6 52.88
0 Is 30.3 3.79
C Is 283.0 17.27
c Is 284.4 3.93
c Is 286.8 0.86
Na Is 1069.5 2.33
Na Is 1067.7 0.14
TABLE B- 8 : Surface Composition, E13-3
(Fe(OH)2 + Te02 )
Element Binding Atom
Energy, eV Per Cent
Te 3d5 575.1 13.90
Te 3d5 573.5 0.81
Te 3d5 576 .7 0.36
Fe 2p3 709.9 3.72
Fe 2p3 712.6 1.13
0 Is 529.4 45.77
0 Is 531.1 4.44
C Is 283 .8 22.31
C Is 285.5 3.17
C Is 287.3 1.89
Na Is 1070.4 2.31
Na Is 1068.9 0.19
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